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Abstract 
of· An understanding of sources, ·cycling . and ~pos~tion 
organic matter in no.rthern Newf\)un'dland fjords and bays was 
ga~ned through the use of stable carbon and nitroge~ . 
isotopic and element~l analyses. Seston from t~rrest~ial -
' stations was characteri:.Zed . by two groups: 1) stations which 
. ' 
had a dominant influence of runoff had respective average 
6 1 5 N , 6 1 3 C and C IN compos i t ions of 2 . 2 ° jo o , - 2 5 . 5° / o o and 
12.3 and 2) stations which appeared· to be influence-d by 
freshw~ter phytoplankton had average values of 5.1°/oo, 
·' . 
-24 .. ~/oo ~nd 8.1 for o13 C, 6 _~ 5 N, and C/N, respectively. A 
macroalgae endmember was defin~d by a 615 N,· ~ 13 C and C/N of 
' .··, . ~ 
4.6°/oo, -20.3°/oo and 9.2, respectively. Surface water 
. seston .which was not influenced by .f.-erres -~rial detritus or 
macroalgae had average values of 8.2°/oo, - _?_'.! _.__~~joo, ·and 
6. 5 for ,p 5 N, 6 13 c, and C/N, ·respectively, and was 
' ' . <' 
considered to be representative of a phytoplankton 
endrnember. 
The isotopic and elemental composition of POM isolated 
from the water column shifted in response to source, 
diagenesis and resuspen~ion. Surficial sediments reflected \. . 
contributions from both ;~roalgae and phytoplankton and 
showed little alteration by diagenesis. Degradation was 
evidenced by loss of organic matter with depth in all 
. / 
/ 
. ~- .' 
. _ 
.sediment ,cores analyzed. With the· exception of one 
location isotopi~ ratios were not altered by this process. 
The retreat of the Wisconsinan ice sheet was recorded 
/ 
by variations in the geochemistry of sediment cores. The 
. 
average 6 15 N, 6 13 C. and C/N of glacial till collected from 
the base o.f 'one - core ; 4.3°/oo, -25.3°/oo and 6.0, 
respectively, indicated ·a terrigenous origin. This ~111 
was a major contributor of organic~~atter to the lowermost 
J . ' 
3 sedJmentary units of that core . Shifts in 615-N from 5. 5 
to 9.2 °/oo a~d 5 13 C from -24.4 to -21.8°/oo above these 
units were related to c~anges in the relative contribution 
of phytoplankton(' and macroa.lg~e. The isotopic and .. 
elemental ~omposition of organic matter within Holoc~ne 
sediments throughout all bays ~tudied indicated a mixture 
of phytoplankton and macroalgae. 
,1i 
·. 
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INTRODUCTION 
1. Purpose of study 
~ , . 
Biological productivity and subsequent physical 
i 
tr~nsport has led to the dispersal of organic compounds 
into the atmosphere, hydros~here and lithosphere. During 
transport these compounds are subject to extensive 
alteration by biogeochemical reactions. Ultimately a 
portion of the organic matter produced is deposited and 
preserved in the sedimentary record. Once incorporated 
into the sediments organic material is progressively 
altered b~ diagenesis, catagenesis and metagenesis. 
Despite alteration in the water column and sediments, 
organic matter retains some chemical characteristics of the 
source material which can provide information about the 
productivity, climatology and transport processes that 
dominated the environment at the time of its deposition . 
In this study the stable isotopic and e lemental 
abundances of carbon and nitrogen were used to ~haracterize 
sources and' cyc.ling of water column particulate and 
sedimentary orgahic matter in the waters 'f!~northern 
Ne~foundland. With the isotope data dominant organic 
sources and their re~pecti~e spatial distributions in the 
modern environment were established. This characterization 
provides a basis to evaluate changes in the relative 
1 
contribution and distribution of ·source organic material in . 
Qu a ternary sediments as a co~sequence of cl~matic ~vents. 
The successful use of the isotope tracer techniq~e 
' requires the establishment of a firm basis for 
interpretation. This includes differentiation of organic 
matter sources in terms of their isotopic compositions . In 
addition the effects of alteratio~ processe s such as 
biogeochemical ~ycling and diagenesi~ must be evaluated ~ 
2. Sources ~r.g(Dic matter 
Th e isotopic composition of a sample is expressed in 
relation to a standard u sing ' per mil ( 0 /oo) notation. 
.sl 3c [ (13c;t2c) ••• pla J ( 0 joo) - -1 X 1000 -r~--rr----------( C/ C)atandard 
61 5 N [ (15N/14N)aampla ] ( 0 /oo) - - 1 X 1000 -r~--r-----------( N/ 4 N)atandard 
' Carbon isotope compo s i t ions are reported relative to PDB, a 
t 
Cretac e ous belemni te from th e Pe e d ee formation of ~outh 
"" Carolina. The standard f or 6 15 N i s a tmosph e ric nUitog e n. 
In the marine environment the primary contributors of 
or banlc ma tt e r are t er rig~ous and marine d e t r itus. 
\ 
f rom ne arshore and del t aic e nv ironmen t s, te rr e stt i a l 
Asi d e 
2 • i 
organic ma~ter is not a significant contributor to the 
ocean (Eadie and Jeffrey, 1973; Gearing et al., 1971; Ta~ 
an d S t r a i n , 1 9 7 9 a ; C a i e t a 1 . ,-• 1 9 8 8 ) • The marine compohent 
The can be divide~into phytoplankton and macroalgae . 
carbon and nitrogen i~o .topic c6mposition of these organic 
sources has been deter.mined at many glO-bal loca.tions, 
ranging from the equator to the ~ctic (Table '·1, Fig. 1). 
A clear distinction can be seen between ·marine and 
terrestrial sources. T~ separati~n between phytoplankton 
and macroalgae may not be as clear . 
. • 
However, isotopic 
- . 
distinctions between these two sources of organic m'atter · 
exist at some locations, for example in the Gulf of Maine 
and off Baffin Island (Table l). This suggests the 
~~ ~ 
importance of defining these organic sources at a specific 
location . Other marine sources include seagrass and 
mangrove detritus, but these are not considered important 
to the l'iewfoundland system (Puichan 1987, Troke 1987). 
The isotopic composit~on of a primary producer is a 
function of the inorganic source and metabolic effects. 
Terrestrial plants and certain species of blue-green algae 
derive the majority of their nitrogen fro~ the atmosphere 
and therefore have a 6 1 ~N similar to nitrogen gas of 0°/oo 
(Haering and Ford, 1960 ; Delwiche and Steyn, 1970 ; Macko et 
al., 1987a). The primary nitrogen (source for ~ a rine algae 
. 
is d1s s olved inorganic nitrogen in the form of nltrate or 
3 
• 
' 
' 
ammonium. Reported c5 15 N f~~ oceanic nitrate and ammonium 
rang~ between 6 and 10°/~o (Miyake and Wada, 1967; Cline 
and Kaplan, 1975; Liu, 1979). Upon assimilation, marine 
phytoplankton frequently have values similar to their 
inorganic nitrogen source (Table 1, Figures 2 and 3, Miyake 
and-~-a, 1967; Wada 1980). However, phytoplankton may be 
isotopically depleted relative to the nutrient source as a 
c on sequence of' f r a _c t ion at ion , i . e . s e greg at i on o f 1 s o tope s , 
during assimilation. Such effects result in a large range 
in o15 N values of phytoplankton and will be discussed 
separately in section 3. 
'-
' Atmospheric carbon dioxid e , with a c5 13 C of -7°/oo, ae-
dissolved inorganic carbon, 0°/oo, are the inorganic carbon 
sources for land and marine plants respectively (Craig, 
1953) . Bot_h marine and terrestrial plants become depleted 
in 13 C relative to their inorganic · sources by approximately 
20~joo (Table 1, Fig. 2, Park ·and Epstein, 1961 , Peters et 
a.l., 1978). Varying isotopic compositions among plants may 
result from different degrees of fractionation associated 
' with pathways of inorganic carbon assimtlation. 
Such ~etabolic isotope ~ffects are particularly 
prevalent in the terrestrial blosph e r~. The m a j or 1 t y of 
terrestrial plants utilize the Calvin or C3 photosynthetic 
pa t:1way, and incorporates carbon dioxid e through the enzyme 
r ibot·e 1 , 5 ~is phosphate carboxylase (RUBP). 
~~ 
Plants u s ing 
4 
I 
• 
thi~ pathway have been reported to have -carbon isotope 
values from -34 to -24°/oo (Smith and Epstein, 1971). A 
second method of carbon fixation is the Hatch-Slack or c, 
metabolic' pathway which results in plant 6 13 C values of -19 
to -6°/oo (Smith and Epstein, 1971). Some species of 
marine phytoplankton have been observed to alternate 
b~tween C3 and C4 metabolisms (Morris, 1980~ but the 
isotopic effects of this have not been asse~sed. 
, 
Phytoplankton have been shown to vary in 5 13 C between 
.. 
-31 to ·-19°/oo (Sackett et al., 1965; Gearing et al., 1984; 
and references therein) . Variability in o13 C of marine 
phytoplankton cannot be as clearly explained in terms of 
metabolic processes. Changes in temperature has been 
suggested as one cause for shifts in the 5 13 c of 
phytoplankton (Sackett, 1964; Sackett et al., 1965; Deuser 
e t al., 1968; Rodgers and Koons, 1969; Rodgers et al., 
f. · ·' 
1972; Fontugne and Duplessy, 1981), though other evidence 
I . ~ I 
contradicts tpis (Calder and Parker, 1973; .Fontugne and 
Duplessy, 1978; Rau et al., 1982; Gearing et al., 1984). 
Other factors which ' could cAuse r variation in phytoplankton 
6 13 c include variation in species composition , changes in 
water masses, the 6 13 c of dissolved inorganic carbon (DIC), 
the relative abundance of 13 C depleted lipids, the 
available C02 pool, salinity and de~omposltion wi~hin the 
water column (Parker, 1964; Degens, 1969; Deus .e r et al 
1968;' Deuser, 1970; 
al., 1974; Wong and 
Eadie an' Jeffrey, 1973; Sackett et 
Sackett,~8; Fontugne and Duples~y. 
1978; Smith and Kroopnick; 1981; Gearing et al., 1984). 
J 
3 . Cyclin& of or&anic matter in the sea 
Studies characteriz1~ the geochemistry of 
phytoplankton have done so by collection of particulate 
,[rganic matter (POM) . Two classes of POM are recognized on · 
the bisis of their residence time and size. 
, 
Suspended ·POM 
or seston consists of small particles which have residence 
time~ on the order of several hundred y e ars (HcCave, 1975; 
Sa C'k e t t , 1 9 7 8 ) . Seston is arbitrarily defin e d as the 
material retained on a filter with a pore . size of 0 .4 5 to 
. 
1~ (Entzeroth, 1982). The larger less abundant fraction , 
,..~inking POM, remains within the water column for days, 
\ 
weeks or less and consists primarily of "fecal pellets, 
tests, and marine snow (McCave, 19ls) . Dissolved organic 
matter (DOM) is the fraction less than 0.45~ which passes 
through a seston filter. 
Particulate organic matter in the sea ~s composed 
primarily of phytoplankton, zooplankton, bacteri a 'and their 
decomposition products (Riley, '1970). Organic matter in 
sediments is derived from POH settling out of the water 
cclumn . Isotope studies usually assume that the organic 
matter pr e served in sediments is a reflection of the 
6 
product~vity in the overly1ng waters ai the time of 
deposition. Howev~r. due to potential isotopic alteration 
pro~esses subsequent to production, an understanding of the 
cycling and deposition of POM is essential to an 
interpretation of a sedimentary isotopic record (Figures 2 
• and 3). 
In surface waters POM may undergo di~solutlon and form 
DOH. The 6 13 C of DOH has been · shown to be 
location and depth in the ~ater column and depleted in 
13 C with respect to surface water{se.ston as a ons equenc'e 
of b lochemica 1 oxidation or microbia 1 u...t!_l i 
(Williams and Gordon, 1970; Ogura, 1972;- Eadie and Jeffrey, 
1973; Sigleo and Macko, 1985; Fig. ~ step 1). At the 
thermocline seston may be trapped, due to density 
,stratification and be subjected to extensive biological 
utilization resulting in depleted 6 13 C values (Jeffrey et 
al., 1983; Fig . 2. step 2). Yith increasing depth, seston 
become slightly more enriche~ fn 13 C via aggregation of can 
DOM (Fig . 2 step 3) and dissolut.ion of sinking POH (Fig. 2 
step 4). In near bottom waters resuspension of sediments 
11 a y c au s e a s h i f t · in t he i s o t o p l c c o rn p .o s i t ~ n o f s e s t on 
towards sediment v a 1 u e s ( Tan and S t r A in , 1 9 7 9 a ; F 1 g . ~t: e p 
5) . 
f ' Biological oxidation of suspendsd or sinking POM i ._/ 
~eleases DIC d~pleted in 1 3 c. Therefore the 6 13 C of DIC 
7 
,.. 
/ 
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may be used as an indicator of the extent of degradation of 
POM in waters. In some'cases, the contribution of DIC from 
degradation can be quantitativ~ly assessed (Kroopnick et 
\ 
al., 1972; Kroopnick, 1974; 1980~. Other sources of DIC in · 
waters can be di~tinguished and include input of 
~ 
' organically~derived, 13 C-depleted riverine and soil DIG, 
and DIC from the dissolution of atmospheric carbon dioxide 
and calcium carbonate (Craig 1970; Kroopnick et al., 1972; 
Rau, 1978; Lee et al., 1987). 
Informdtion about productivity a~d biological 
respiration occurring in . the water column can also be 
"' gained through ~ 13 c of DIC. In the euphotic zone 12 c rs 
preferentially utilized in photosynthesis which results in 
an enrichment in 13 c in the remaining DI~_ pool . . Nocturnal 
' . 
respiration releases _Ifrc d_epleted in 13 C back into the 
water (Parker 1964; ·Smith and Kroopnick, 1981; Lee et al., 
. 
1987). The 13 C enriched DIC produced in areas of high · 
~ 
productivity can, upon assim\lation, result in isotopically \ 
enriched POH and sedimentary organic matter (Peuser, l97b; 
Tan and Strain, 1979a; 1979b; 1983). 
The natural abundance of 15 N in POM result~ from the' 
relative contribution of isotopically distinct organ~~ 
sources, inorganic,nitrogen source and subsequent cycling 
(Fib. 3). Some species of bacteria and blue green algae 
assi,'lilate atmospheric nitrogen through nitrogen fixation . 
•• 
9 
Thie process irivol~es a small or negligible fractionation 
which results in 6 15 N value• near 0°/oo for these primary 
producers (Hoering and Ford, 1960; De1wiche and Steyn, 
1970; Macko et al., 1987a). Therefore, nitrogen fixation 
can influence the isotopic composition of POM in surface 
waters from in situ bacterial or ~1ue green algae 
productivity (Wada ancf"\H,ttori, 1976; Macko et al., 1984; 
Minigawa and ¥ada, 1986; Saino and Hattori, 1987; Fig. 3 
.· 
step 1) . Terrigenous organic matter is generally 
characterized by 6 15 N values near 0°/oo, due to a 
predominance of nitrogen fLxatiqn in the terrestrial 
biosphere (Hoering and Ford, 1960~ De lwiche and Steyn, 
1970) . 
In environments not dominated by nitrogen fixation, 
ammonia is the preferred nitrogen source (Saino and 
Hattori, 1985). Inhibition of nitrite uptake may result 
from either high ammonia concentrations (Conway, 1977) or 
high light inte~sities (Macisaac an~ Dugdale, 1~72) . When 
ammonia concentrations are low and uptake is the rrte / 
limiting step in photosynthesis, it has been su g gested that 
preferential uptake of the light is6top e ~oes not occur 
(Saino and Hat:tori, 1985) . The resulting POM would then be 
iso~opically similar to the starting Ammonia (Fig. 3 step 
2). In contrast, if ammonia is abundant and not rate 
limiting a large fractionation occurs resulting in POM 
-( 
depleted in 1 ~N ' relative to the starting ammonia (Wal!a and 
Hattori, 1978; Wada, 1980; Macko et al., 191J7a; Fig. 3 · step 
3) . l 
ln the lower euphotic zone productivity can result 
from utilizatibn of upwardly advecting nitr~te. 
' 
nitrate is available than can be assimilated. 
Often more 
In tbis 
situation nitrate is not rate limiting , . .and a large 
fractionation results. During nitrat~ assimilation, 
·~ 
phytoplankton have been observed to be ~pleted in 15 N with 
respect to the initial nutrient sources. Values for lab 
and field studies show a 13 and 7°/oo decrea~e in 615 N, 
respectively (Wada and Hattori, 1978; Wada, 1980 ; Macko et 
al ., 1987a ; Fisher et al., 1988) . Such fraction~tions 
. ·· 
result in a mln~mum in the 6 15 N of seston (-1°/oo) in the 
1 ow e r e up h o t i c z one ( F i g . 3 s t e p 4 ; S a i n o an d H a t-t o r i , 
1980; 1985 ; 1987). 
•l 
Under apoxic conditions fractionation during 
d e nitrification results in the production of nitrogen gas 
d ep leted in 1 ~N re1~tive to the remaining nitrate (Delwiche 
and- Steyn, 1970; Cline and ltaplan, 1975; Wada, 1980; Fig. 3 
step 5). The r e sidual nitrate b eco me s enr~ched, reaching 
values as high as 18°/oo, . relative to the average of 6°/oo 
for seawater nitrate (Miyake and WHda, 19.67; Cline and 
Kapl an, 197 5 ) . If concentrations Rr~ sufficient to support 
productivity, this heavy n i trate b eco mes avail a ble to 
10 
' 
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phytoplankton upon advection into· the overlying waters 
(Fig.·· 3 step 6) . When nutrient con<'entrations are low and 
rate limiting, subsequent assimilation occurs without 
fractfonat.{on, resulting in seston with an isotopic 
composition similar to the residual nitrate (Sigleo and 
I 
Macko, 1985; Fig. 3 step 7). 
Nitrif\cation can occur in oxic waters . A l a rge 
fractionation associated with this process results in the 
prod u c t ion of n 1 t r a t.e de p 1 e ted in 1 ~ N , with the remaining 
~ 
ammonia becoming enriehed, 
, 
potentially reaching 6 15 N values 
' ( 
as high · as 20° /oo ~r greater (Delwiche and Steyn, 
• 
1970; 
Mariotti et al., 1984; Fig. 3 step 8). Assimtlatio·n of th e 
residual 'ammonia by phytoplankton under rate limiting 
" 
conditions results . ln seston with a similar isotope value 
to the a mmonia · (Mariottiet al., 1984; Fig. 3 step 9). 
£-. 
Degradation of seston in the lower euphoti_c zone 
ca1,1ses en r ichment in 1 ~N in the suspended load (Saino and 
Ha~tori" 1980 ; 1985 ; 1987; Fig . 3 step 10). Enrichments in 
suspend e d or sinking .POM. c~n · a~so result from a 
con t rib u t ion of zoo p 1 a nk ton de t r i t ';J."s enrich~ d in 1 5 .N du e to 
a trophic level fractionation e f fect of 3°/oo (Fig . 3 step 
.11; De Ni r o a nd Epstein, 1981; Macko e t al., 1982). It has 
been sugg e sted that in r;;o11e cases sinking POM produc e d · !n 
the euphotic .zone . is isotopically heavier 7han suspe·n~ e ~ 
POM due .t;o a contribution of fec-al ma t ter enriched. in 1 'N 
,. 
4 
• 
(Checkley and Entzeroth, 1985; Altabet, 1988; Fig. 3 step 
12). Dissolution of sinking POK, fractionation during 
deamnation reactions and/or oxidative degradation in deeper 
waters results in 15 N enriched seston (Saino and Hattori., 
1987; Altabet, 1988; Fig. 3 step 13). These mechanisms 
explain the average observed enrichment of up to 6° /oo in 
lower water seston relative to surface waters. 
The major source of organic matter in sedim.ents is 
from primary productivity occurring in the overlying 
surface waters. However, significant isotopic differences 
between sedimentary and particulate organic matter have 
been found. This may be related to the fraction of POM 
analyzed or preserved. In some cases sinking and suspended 
POM has b'een found to be isotopically similar to 
. sed i menta r y o r g an i c m '\t t e r (En t z e r o t h , 1 9 8 2 ; Wad a e t a 1. , 
1 9 8 7 b ; Lib e s and De us e r , 1 9 8 8 ..,.c i f u en t e s e t a 1 . , 1 9 8 8 ) . 
!• 
Differences in 6 13 C between POM and sediments may be 
accounted ror by a greater relative contribution of 
.... 
isotopically distinct diatom or nanoplankton detritus in 
productivity or preservation (Gearing et al., 1984). 
Isotopic fractionation at the sediment water interface has 
been suggested as an addit.i.onal cause of sediment and POM 
differences (Eadie a"nd Jeffrey, 1973; Libes and Deuser, · 
~988);$ 
In estuarine waters "the isotopic composition of POK 
I / ~~ 
12 
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• 
can vary considerably on a 'seasonal basis. Yearly 
variation in the cP'N of POM ranges between 7 and 20°'/oo 
(Mariotti et al., 1984; Cifuentes et al., 1988; Gearing et 
al., 1988). Seasonal changes in the 5 13 C of POM can 
fluctuate as 11uch as 10°/oo (Gearing et al., 1984; 
Cifuentes et al., 1988). in oceanic waters of the Sargasso 
Sea seasonal nitrogen isotopic variation of sinking POM was 
correlated with the carbon flux (Altabet and Deuser, 1985). 
This suggests that the isotopic composition of sedimentary 
organic matter may more strongly reflect the . 6 1 'N and 6 13 C 
of POM during 11aximum flux periods as would occur during a 
spring bloom ~Cifuentes ~t al., 1988). 
4. Carbon and nitrogen isotopic and elemental abundances 
as tracers of ouanic matter in sediments 
I 
The determination of the 6 13 C of sedimentary organic 
matter as a basis for separating marine and terrestrial 
sources has been well established. With the exception of 
large river deltas_, terrestrial organic matter is not 
extensively transported onto the continental shelves 
(Sackett and Thompson, 1963;, Sackett, !964; Hu:nt, 1970; 
Shultz and Calder, 1976; Gearing et al., 1977; Hedges and 
Park~r; 1976; Tan and Strain, 1979!1). In several estuaries 
'a terrestrial influence on sediments was not carr i ~eyond 
10 miles inland from the r ·iver mouth (Hunt, 1970). However, 
• 
.:.· 
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near large river deltas, terrigenous organ!,<: 11atter aay be 
f 
carried as much aa lOOkm offshore (Kennicutt et a1., 1987). 
In addition to dfltaic environments, terres.trial detritus 
may be f(_ an s ported o f f s h or e b·,Y l c e r a f t in g i n h i g h 1 a t i tude 
areas (Gearing et .al., 1977; Sackett, l986b). 
Several studies in the Gulf of Mexico have shown a 
terrestrial infl~ence neal the bottom of piston cores 
(Sackett, 19fl4; Parker et al., 1972; Newman et al., 1973). 
Upon lowering of the sea level during glacial periods 
terrestrial organic matter was deposited o~to the 
continental slope and abyssal plain (Parker et al., 1972; 
Newman et al., 1973). In this way 613 C b-eL~. a tool for 
iden-tifying climatically influenced depositional events. 
, ,f • I 
In a similar manner as 6 13 C, stable nitrogen isotopes 
have proven useful in'resolving marine and terrigenous 
sources of organic matter in sediments (Peters et al.~ 
1978; Sweeney and Kaplan, 1980b; Macko, 1981; 1983). As a 
\ 
consequence of distinct metabolic pathways · and differing 
.. 
inorganic , nitrogen sources, terrestrial and marine plants 
can be distinguished on the basis of 6 15 N values. 
Furthermore, mixing models based on nitrogen isotope 
abundances can be used to predict the relative 
, ___ __ 
contributions of marine and terrestrial detritus to 
-
s1diments (Peters et al., 1978; Sweeney and Kaplan, 1980b; 
Ma~~ ko, 1983). 
' 
15 
Sedimentary 6 1 ~N values have been useful in 
recognizing other s~urces of organic matter, These include 
the ability to trace sewage, kelp, seagrass, mangrove and 
marsh detritus (Sweeney and Kaplan, 1980a; Sweeney et al., 
6, 1980; Macko, 1981; 1983; Macko et al 19~7b; Pulchan, 1987; 
Troke 1987). In ~ddition, a distinction can be made 
' between sediments associated with nitrogen fixing and 
n i t r a t e ass i mil at i:n g ph y top 1 an k ton ( S t u e r me r e t a 1. , 1 9 7 8 ; 
Macko et al., 1984). 
.. 
This technique has been used to 
/ 
recognize the predomi~ance of nitrogen fixation ~n the 
Cretaceous (Rau et al . , 1987) . 
Changes in oceanic productivity may also be recognized 
by the - nitrogen isotopic signature within sediments. 
WI 
During periods of low pr~ductlvity complete assimilation of 
available nitrate may not be possible. Nltratt! uptake 
under these conditions ls not rate limiting and results in 
phytoplankton depleted In 15 N. When nitrate Is rate 
' limiting, as would occur during , high productivity, no net 
fractionation occurs and phytoplankton isotopically 
resemble the available nitrate (Wada and Hattori, 1978; 
Wada 1980). On this basis, large scale productivity 
changes have been recognized In middle Miocene to Recent 
sediments from the Baffin Bay (Macko, 1988). 
J 
Carbon to nltfogen ratios provide another tool for 
assessing the origins of sedimentary organic matter. 
I ' 
Marine phytoplankton are abundant ln ~ttrogen-rlch proteins 
and therefore have a low C/N of approximately 6 (Muller, 
1977) . Terrestrial plants have a much lower protein • 
content, and therefore have a high C/N with values between 
14 and 30 (Codell, 1972). 
Although C/N frequently correlates with S13 C as source 
indicators of organic matter in sediments, they are 
·con~idered less reliable than carbon isotope values (Tan 
..... 
and Strain, 1979b; LaZerte, 19,83; Kennicutt e~ al., 1987). 
The greater uncertainty in this me~hod is a consequence of 
"the wide variation in the terrestrial endmember (Ta~and 
" Strain, l979b), or the magnitude of error in measuring both 
elemental carbon and _nitrogen (Waples and Sloan, 1980). 
In addition, marine and terrestrial distinctions a~~ 
obscured by alteration of C/N in the water column and 
sediments. A preferential loss of ~ore labile nitrogen 
rich components during decomposition results in ~igh~r C/N 
and can cause ~verlap of the terrestrial and marine 
endm~mbers (Peters et al., 1978) .· Sedimentar}C/N lower 
than 3 ' · the value for pure protein, have been observed and 
are primarily caused by the presence of inor$anic ammonia 
that is either dissolved or bound in clays (Muller, 1977; 
Meyer s and Keswani, 1984). Absorption in clays of orga~ic 
I . 
COillpo_unds with low C/N, such as amino acids, may also yield 
low C/N in sediments (Muller, 1977; Pillon et al., 1986). 
16 
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By using C/N in conjunction with isotopic analyses sources 
of organic aatter and ~!agenetic effects may be better 
defined than by use of either techniqu~ alone. , 
5. Diacenesis and tsotopic inte&rity 
Diagenesis in sediments has been recognized by 
depletions of organic carbon and nitrogen with depth in a 
sedimentary sequence (Montani et al.,l980; Waples and 
Sloan, 1980). Some studies have concluded that diagenesis 
does)not significantly alter the isotopic composition or 
organic matter in sediments (Sackett, 1964; Sweeney et al., 
1980; Arthur et al., 1985; Dean et al., 1986; Schldlowski' 
1987). However, changes in isotopic values for both carbon 
and nitrogen down core have been attributed to diagenetic 
alterations (Sackett, 1964; Macko, 1981; Macko et al., 
1?87b). E~richments in 13 C can result from loss of 
isotopically light lipid material or diagenesis under 
anaerobic conditions (Sackett, 1964; Behrens and Frishman, 
1971; Macko., 1981). Loss of 13 C enriched protein~ and 
• carbohydrates or loss of terminal isotopically heavy 
carboxilic acid groups results in lower &13 C values (Degens 
et al., 1968b; Brown et al., 1972; Macko, 1981; Spiker and 
Hatcher, 1984; 1987). Enrichments in 15 N in sediments have 
been attributed to loss of more easily hydrolyzable 
' · 
nitrogen 'compounds (Macko, 1981;\ Macko et al.., 1987b). 
• 
' Severa 1 studies have be eo-conducted to invaa tigate 
isotopic changes during decomposition. In phytoplankton 
decomposition studies, no significant change in o13 C vas 
observed (Gearing et al., 1984). However, decomposition 
has been shown to produce changes in the 615 N of marine 
detritus as large as 10°/oo (Vada, 1980; Zieman et al., 
1984)... The»e findings suggest that ~icrobial alteration 
cannot be ignored when evaluating th~ isotopic signal 
preserved in sediments. 
6. S tu.dy site 1 northern NewfounsUand fjords and bays 
The Newfoundland continental shelf is characterized by 
/-
central basins and fjords with depths of 200 to 400m (Scott 
et al., 1984). These basins vera · probably excavated from 
the unde~lying bedrock during pre-late Wisconsinan glactal 
advances and are currently covered primarily by 
18 
glaciomarine sediments (Dale 1979, Dale and Haworth, 1979). ( 
' Wave or tidal reworking of shallower shelf sediments _has 
' ., 
resulted in redeposition ·,of finer sediments in the basins 
with the coarser fractions re•aining on the banks (Scott et 
al., 1984). In nearshore areas, fluvial input and offshore 
< transport of terrestrial debris has contributed to post· 
glacial sediment deposition (Dale, 1979). 
Micropaleontological evidence of sediments off 
nort,ern and eastern Newfoundland has revealed a sequence 
\ 
,. 
of Qua~ernary eliaatie events. , Water temperatures of 0 to 
3°C, similar to the present inner Labrador current, 
dominated~ throughout most of t .he Wise~ns inan ice age. 
the mid-Wi~sinan an interstadial is suggested by 
.. 
In 
moderately warmer outer Labrador current water temperatures 
of .fl. to 4°C (Scott et al., 1984; Miller, 1987). Retreat1 of 
the late Wisconsinan ice sheet was concurrent with water 
temperatures similar to the interstadial and glacial ice 
margin conditions that may have been almost fluvial at 
times (Mudie and Guilbault, 1982; Scott et al., 19/84; 
Hiller et al., 1985; Miller, 1987). Complete deglaciation 
of the ~and mass took place prior to 12,000 yr BP (Blake, 
. 1983; Macphers?n, 1988) . 
Outer Labrador current conditions dominated the 
northern Newfoundland continental shelf in the early 
Holocene with the exception of a brief incursion of inner 
( Labrador current water at the Holocene-Pleistocene 
boundary. Development of th~ Labrador current may have 
. 
occurred at thls time. In the aid-Holocene water 
temperatures similar to the present outer Labrador current 
continued to dominate though a brief warm interval from 
5000 to 7000 yr BP has been suggested (Scott et al., 1984; 
' Miller et al., 1985; Hiller, 1987). Separation of the 
Labrador current into inner and outer currents occurred in 
the late Holocene (Sc~tt et al. 1984). Inner Labrador 
,; 
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current waters have dominated the northern Newfoundland 
.•. 
shelf since that time, although Gulf stream waters aay have , . 
influenced water temperatures off !onavista Bay, 
Newfoundland (Scott et al., 1984; MacNeil, 1986; Miller, 
198'7). 
Organic geochemical studies in Newfoundl~nd bays have 
been useful in tracing sources of organic matter and 
climatic events. Deposition of terrestrially derived 
glacial till in Bay D'Espoir vas characterized through 6 1 'N 
and 6 13 C analysi&. (Pulchan, 1987). The organic component 
of Holocene sediments was characterized as having a marine 
macroalgae origin, indicative of interglacial conditions 
(Pulchan; 1987; Troke, 1987). Isotope studies of modern 
organic matter. have recognized the predominance of 
phytoplankton as a contributor to seaton in Bay D'Espoir 
and Fortune bay (Dickson, 1986), and deposition of 
terrestrial detritus offshor~. resulting from paper mill 
effluent in BftY of Isles (Tan and Strain, 1979b) . 
.. 
7. Synopsis 
Carbon and nitrogen isotope and elemental ratios have 
been widely r'cognized as tracers of organic and inorganic 
. .... 
sources in the natural environment. Tracing with thise 
methods c:,an be problematic 'due to large variations wlthln 
\ ~nd«embers and the effects of diagenesii. This study 
. · ~ 
. 
_, 
~-
involved a carbon and nitrogen is9topic and elemental 
evaluation of iources, distribution and pre~ervatlon of 
organic matter in the fjord• and bays of northern 
' l . Newfoundland (Figures 4-11). Sources were collected and 
analyzed to define endmember geochemical compositions . 
Distributions of these sources in the modern and a nci e nt 
envl~onment was assessed by com~arisons of several bays and 
transects from bay heads to the offshore . . The effects of 
diagenesis were determined by methodical comparisons of 
surface samples with those deeper in the water column or 
sediments. 
. " 
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Materials and Methods 
• 
1. Sample collection and preparation 
Marine water column and sediment sample' s were takej_' 
along the north and east coasts of Newfoundland in the 
summers · of 1986 and 1987, during four research cruises 
aboard the RV Wilfred Templem4n, CSS Dawson and CSS Baffin . 
Waters from riverine drainages were obtained at road side 
stations (Fig. 4-lt, Appendix 1). All samples were 
analyzed for 6 13 c, 6 1 ~N. and carbon and nitrogen abundahces 
to characterize organ!f matter sources and to assess the 
geochemical effec~f diagenesis. The 6i 3 c of DIC and 
dissolved oxygen conce~trations for some stations were 
determined to provide additi~nal data on biogeochemical 
processes occurring in the water column (Appendices 2 and 
3). --.. $ e d i men t color was indica ted by Munse 11 color notation 
in core descriptions to assist in correlating aedimentsry 
units among cores (Kollmorgen Corpo~tion, 1975). Grai't'l-
in characterizing the depositional environment (A-ppendix 
4). 
Surficial sediments were 'collected with a 0. 25m2 Van 
Ve(n grab samp~er. Once the sediment was recovered two 
samples were taken, one froa the upper oxygenated layer and 
22 
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another fro• a depth of 3cm. Gravity and piston corea were 
used to penetrate deeper sediments, with a maximum recovery 
of 5.5m . • corea were refrigerated (3.C) prior to removal of 
0 
sediment samples at 10 or 20cm intervals within one ·month 
of core collection . A comparison of samples ~aken three 
weeks ,after storage at 3°C ~nd those taken after one and 
one - half years at room te•perature was made to assess the 
effects of storage on sedimentary organic isotopic and 
elemental da.ta. 
( 
Surface, middle and bottom waters were obtained by 
lowering SL Niskin bottles to Sm, lOOm and 5m above bottom, 
resp e ctiveJ.y. An aliquot of 25ml was retained for analysis 
of DIC. Excess mercuric chloride was added to · inhibit 
respiration . An a~diti9n~l 300ml of water was ' reserved for 
determination of dissolved oxygen. Oxygen concentrations 
were 4etermine d, w~thin a few hours of collection, by 
Winkler titration using phenylarsine oxide in place of 
\ 
thiosulfate (Hach Chemical). Seston was isolated from the 
remaining 5 to 10~ of water by filtration through pre-ashed 
47p GF/C glass fiber filters. All filters were rinsed with 
at le&st 300ml of distilled water to ~emove salts and 
acidified to re~ove carbonate (30\ HCl). 
2. Isotopic analysis 
In preparation for isotopic analysis sediments were 
. ·.ll' - · 
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' 
freeze dried, acidified (JOt HCl) ,·dried and ground into · a 
I 
fine powder .. Combustion of organic matt~r was performed ' 
!:> 
using a modified Dumas method (Macko, 1981). The surficial 
.. layer of the POM filter or 200 to 400mg of sediment wa~ 
-~laced in ,an ashed quartz tube . . Precombusted copper oxide 
(BDH Chemical) and pure copper (Alpha Resource~ Inc.) vas 
added in a ratio of 5:1:1 to the sediment or filter . 
24 
}V&cuated samples were heated to 85Q•c and allowed to cool 
gradually overnight to prevent formation ~f carbon moaoxld~ ~ 
and ni .trous oxi,des. 
I Carbon dioxide and nitrogen gas were separated 
• 
cryogenically from the combustion products on a V&Fuui 
line. Purified carbon dioxide and nitrogen gas aam.ples 
were analyzed for their isotopic compositions on either a 
• 
VG 903E or Prism triple collector stable isotope ratio •ass 
spectrometer; All samples were analyzed by comparis~n to 
laboratory gas standards . which were calibrated wit~ respect 
to NBS standards. 
t:·:;:p:n:·::::.:::r::P:::ij 
for carbon and nitrogen, respectively . 
per mil 
notation relative standards 
Abundance measurem~nts for nitrogen gas saa~lea were 
determined Using a calibrated volume within 'the mass 
·-' ., 
spectrometer . The ion bea~ produced is proportional to che 
. I 
pressure of the gas . Carbon abundances were deter•ined on 
a calibrated manometer during cryogenic gas aeparation, 
.. 
:·.1 
.... 
I 
I 
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3. PIC extraction 
Extraction of DIC from water samples was performed by 
cryogenic p1.uificatio.n on a vacuum line. A weighed sample 
. 
of approximately 20ml was acid~fied under vac~um with 
phosphoric acid to release ·carbon dioxide gas. Water v-apor 
was separate~ from . the evolved carbon dioxide in a cooled 
'\ 
'-U-trap {- 60°C). In-line dlffusi~n and toepler:t pumps were 
' used to transfer the carbon dioxide to a calibrated 
mano~eter for determination of DIC concentration. 
4 . Sediment &rain-size analysis 
The relative abundances of sand, silt an,d clay 
fracti_ons were determined for cure SB3, using the method of 
Folk (1980). Carbonate content was qualitatively assessed 
by observing th~ degree of effervescence during 
acidification with 30\ HCl. Subsamples of 20g were taken 
' from this core at 25cm intervals; Samples were dried, 
weighed and washed through a 63um sieve. The portion that: 
remained on the sieve represented the sand fraction. 
The wash passing through the sieve was added to a lL 
settling cylinder. Twenty ml of a 0.1 molar solution of 
sodium thexametaphosphate was added as a dispersant> and the 
wash was dil~ted tolL. Th,e settling column was vlgorously 
J!tirred to evenly distribute the size fractions and 2Qml 
aliquots were removed by pipet at specific time and depth 
25 
intervals (Table 1). Aliquots were dried (150°C) and 
weighed . All final weights were correc~ed for sodlua 
hexametaphosphate contributions. Silt and clay abundances 
were calculated from the 20 second and 2 hour allquots, 
respectively. 
- . 
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Results 
The distribution of source organic material in the 
Newfoundland bays was revealed 1rough determination of the , 
isotopic4<abundances in riverine and marine seston and 
surficial sedi~ent samples. Samples of seston and DIC 
taken at various depths were used to evaluate diagenesis 
within the water column. A comparison of surficial 
sediments with samples taken at Jcm was fl\ade to assess 
alteration processes within upper sediments . This data 
provided a basis to evaluate the isotopic signature_ 
preserved in Quaternary sediments . 
....... 
1. Analysis of or,anic matter sources 
The C/N, 6 13 C and 6 15 N of several species of marine 
plants, POH obtained_ from phytoplankton tows, 
.. 
river seston 
and a terrestrial sediment were analyzed to characterize 
their organic geochemical compositions (Tables 3, 4) .. 
Considerable variability exists in isotopic and elemental 
.. 
compositions among the various species of algae. The 
respective 6 15 N a~ .S 13 C vaLues for the kelps range fr?m 
\ 
3.9 to 7.7°/oo and -21.0 to -13.0°/oo. Ratios of carbon to 
nitrogen exhibit a wide range of 7.78 to 27. 7_9. 
A large range of values in isotopic composition and -. 
C/N are also observed within a single plant leaf. Though 
/ 
• 
.. 
, 
( 
similar in 6 1 5 N, the 6 13 C and C/N of a Lamina ria di&i tada 
leaf are greater than the stalk by 3.6°/oo and 11, 
' 
respectively (Table 3). The range of values for 15 samples 
taken within a slnfle blade of Laminaria solidungula is 
8.26 for C/N, 3.1°/oo' for 6 13 C and 7.3°/oo for 6 15 N (Figure 
12) . The central portion of the leaf has · a relatively low· 
of 14 . 14 when co111pared to other parts of the blade. The 
holdfast has a high 6 15 N, a very low 613 C value and a low 
C/N . 
The marine angiosperm, Zostera marina, had a 6 15 N of 
4.8°/oo, a C/N of 17.36 and is enriched by 3°/oo relative 
. ' 
to the nearest o13 C value of the .kelps (Table 3) . 
FilameRtous particulate matter collected from the plankton 
tows, with a 6 13 C of -21.5°/oo and a o15 N greater than 
9° joo, is at least 1 . 5° /oo more .enriched in 15 N and 
sligh~ly more depleted in 13 C than t~e algae, The low C/N 
of plankton tow material relative fo other orgaaic matter 
sources reflects the nitrogen-rich j:Ollposition (Table 3). 
,, 
Terrigenous organic matter from rivers is 
characterized by low cS 13 C valueR in relation to the other 
org a nic matter sources, Brook sediment and river seaton is 
depleted in 13 C by 6°/oo and 4°/oo, respectively, in 
comparison to the pl.anlcton tow~ (Tables 3, 4). The 
. 
ni t rogen isotopic composition of terrestrial seaton ranges 
.. 
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fro11 1. 6 to 6. 5° /oo and overlapped 1. 5° /od with , the kelp_.. 
values. Seaton fro11 the Exploits River has the lowest 
&15 N. Most elemental carb~n to nitrogen ratios for 
terrigen.ous sampJ.es are lover than those of the algae. The 
highest riverine C/N value is observed in t.he Exploits 
River. 
\ 
• jrine surface water ses~on was characterized ~y 
ave_rage ,sl ~ N end 6 13 C values of 7.4 and :24.3°/oo, 
respectiv~ly (Table 5). Surface, middle and bottom waters, 
are similar in average o~ 3 c (Table 5). 
waters is enriched by 1. 6° /oo relative to the surface 
(Table 4). The range of isotope values for all seston 
samples is ~.5 to 16.8°/oo for o15 N, -21.0 to -30°/oo for 
,sl 3c (Table 6). The range of C/N is from 1.8 to 27.4 and 
-iricrease within the wat~r column in the order middle < 
sur face < b o t tom ( Tab 1 e 5 ) . The ave rage c on c;; en t.r a t ions o f 
total suspended matter · and i ·ts organic carbon and nitrogen 
incYease in the order middle < surface < bottom (Table 7). 
Isotopic and elem~ntal data for seaton samples show 
considerable variability among stations and cruises (Table 
6) . . Despite this scatter, distinct trends between spring 
and fall sampling ·and with depth can be discerned. In May, 
surface water sest~n commonly has low .S 15 N and high C/N 
values as compared to collections in . August and November. 
This difference is particularly evident in Exploits, 
29 
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Bonavista and Trinity Bays. 
The 615 N of seston fro• aiddle waters exhibit two 
l 
patterns of variaci\n. At the majority of stations surface 
and bottom waters are isotopically similar to each other 
but distinct from middle water samples. This trend is 
particularly evident at EX4 in May and GB3, WBl, and ND2 in 
August (Figures 13 and 14) . At other locations, such ~s 
EX6 in August and ND2 in M.ay) 61 5 N values increase with 
deP,th (Fig. 15) . 
Frequently, the isotopic composition of sesto~ from 
bottom waters. is shifted from that of middle waters in the 
dtrecti~of the 6 15 N and 6 13 C of the underlying sediaents 
' .,;. 
{Figures 14 and 16). \ I~ addition, bottom water seaton at 
nearly all stations has greater organic and total suspended 
matter concentrati~ns than samples from the overlying 
waters (Table 6). 
The average 6 13 C of DIC values for bottom and middle 
waters are depleted by 3 and 1.5°/oo, respectively, 
relative to the s~rface water (Table 8, Figure 17). 
t 
Concentrations of DIC in most samples coll~cted below 22m 
are greater than those taken at the suttace (Table 8~ 
Figure 18). In addition there is no significant 
relationship between 6 13 C of DI) and the concentration of 
dissolved oxygen {R < 0 . 15) . 
• 
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2. Su;ficial sedimentary or&anic 1att~r 
The average nitrogen isotopi~ eo~position of surficial 
sedi•entary organic matter obtained from surficial 
sediments 7.6°/oo, is nearly identical -to that of surface 
water.......seston (Tables 5 and 9, Figure 19). The average .S 13 C 
\ 
for surface sediments, • 21.8° joo, is enriched by 2. 5° foo 
\ 
\ 
relative to surface wat~r seaton, and is similar to 'he 
values for POH frOa thi plankton towo (Tables 3, 5 and 9, 
Figure 20). Ratios of carbon to nitrogen for grab samples 
aver;age 6 . 7. This value is less than that of marine seston 
and g r e a t e r than that o f tow P OM ( Tab 1 e s 3 , 5 and 9 ) . 
Sediments taken from the surface and·those at a depth of 
\ 
3cm are nearly identical in average isotopic and elemental 
compositions (table 9) -. In all baya aBundances of carbon 
and nitrogen are lower in offshore stations than in the 
nearshore (Table 10). 
If Exploits Bay and the nearshore station in White Ray 
are excluded from the surface sediment data set the 
variation in 6 13 C is only 1°/oo. 
and the,hig~es~ levels of organic carbon and nitrogen ·are 
observed in nearshore stations of Exploits Bay (Table 10). 
Increasing enrichments in 15 N and 13 C are observed with 
distance from the head in Exp~oits Bay, though not in a 
similar transect within Conception Bay (Figures 21 and 22). 
Similarly, Halls. and White Bays exhibit depletions in 13 C 
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within nearshore stations relative to the offshore (Table 
10). 
3 . Decomposition experiment 
A comparison of samples taken 3 weeks after storage at 
3°C and those taken after 1 1/2 years at room temperature 
' is shown in Tables 11 and 12. Only minor difference, in 
carbon and nitrogen isotopic and elemental values exist 
between the two sets · of data. ·Carbon abundances and C/N 
-. 
values are greater in the 1 1/2 year data set. The range 
of 6 1 'N values in the 1 1/2 year samples is greater by 
~ . 9°/oo than the 3 week samples. 
4. Sediment cores 
4a. Core SB3 
Core SB3 was collected from within the Notre Dame 
Basin (Fig. 4) and has a total length of 525cm, Within 
this core five ~edimentary units are identified (Fig 23), 
} ~ 
Based on sediment descriptions and lithology these units 
... 
appear to correlate with sp~cific units described by 
previous work in this area (Dale and Haworth, i979; Dale , 
1979; Mudie and Guilbault, 1982; Sco~t et al., 1984; 
kacNei~, 1986 and Macpherson, 1988). These units .are 
thuug~t to represent a complete sequence of ··events a ince 
the mid : Wisconainan (Dale, 1979; Mudie and Guilbault, 1982; 
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Scott et al., 1984). Cora 513 is the only core in thia 
1tudy which penetrated to unit 5. Therefore, core SB3 is 
considered to represent the •oat complete sequence of 
c 
I 
climatic events of all the cores collected in this study. 
Unit 5 (526 to 505cm) conaiats of a poorly sorted red 
(lOR 4/6) mud ' which is greater than 50' sand (Fig. 24). 
Previous studies have indicated that this unit i• composed 
of glacial marine till (Dale, 1979 and Scott et al., 1984). 
The 6 13 c, -25.5°/oo, and el"emental abundances in unit 5 are 
the lowest of any ~ni~ i~ this core (Figures 25 and 26). 
Nitrogen isotope values of 4 to 5°/oo are also lower than 
the .majority of samples within this core (Fig. 25). Carbon 
to. nitrogen ratios are be tween 3 and 8 which is typical of 
the entire core (~lg. 27) .. 
Within unit 4 (505 to 443cm) the sediment is weak red 
'J 
(lOR S'J4) in color and more stratified than in unit 5. The 
sand content ranges between 20\and 40\ and is at least lOt 
lower than that of unit 5 Organic abundances and nitrogen 
. 
isotope values in unit 4 are only slightly greater than in 
unit 5, hovev~r 6 13 C values are nearly ~0 /oo greater. 
Unit 3 extends from 443 and 395 em. Within this unit, 
between 443 an~ l95cm, several distinct olive gray (SY 4/2) 
I 
laminations, identified as diatomaceous muds (A. Aksu, 
Dept. of Earth Sciences, Memorial Univeraity o_f 
Newfoundland, personal communication), are visible againat 
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the reddish gray (lOR 5/1) aud vhlch coapriaea aoat of t~ia 
unit. The lowermost samples within this unit are 
characterized by 6 15 N and 613 C values 2°/oo gr~ater than in 
unit 5. A di&tomaceous lamination at 412cm is isotopically 
, _  ... 
similar , to unit 5 with- very low 615 N value ~f 4.1°/oo and 
In addition a 12.4, 
occurs in close association with thi (Figures 
23 and 27). Organic carbon for 
the e~tire .u~it are gr~ater than that with 
maximum abundances of· 0.66 and 0.14t, resp~ctively . The 
sand component increases with depth reaching a maximum of 
4 . 5t . i 
Unit 2 (395 to 55cm) . is divided into 3 subunits based 
, 
on sediment coloration and carbonate content (Dale 1979 and 
Hudie and Guilbault, 1982). The lowermost subunit, 2c, 
extends from 395 to 177cm and is further atvided into four 
zones based on the isotope data and sediment coloration 
(~ig. 23). The entire subunit is characterized by a 
relatively moderate carbonate content. 
With the exception of a reddish gray (lOY 5/2) color 
~ 
in zone 2, between 256 and l95cm, An olive gray (5Y 5/2) to 
gray (5Y 5/1) sediment coloration dominates most of subunit 
' 
2c. Zones 2. and 3 contain' leas thaty 3' sand whereas units 
1 and 4 have greater than 13,, Carbon and nitrogen 
isotopes increased from minimum values of -23 and 6°/oo, 
.l 
.. 
· ( 
I 
' 
.... ..,. ,..,., 
" respectively, in zone 4 to •axiaum values of -21.8 and 
9.2°/oo, respectively, in zone 3. Low values are again 
evident in zone 1. Abundances of organic carbon and 
nitrogen vary in a similar aanner with maximum values of 
0.89 and 0.22\, respectively, in zone 3 and minimums in 
zones 1 and 4. 
The sediment in subunit 2b, between 177 and 163cm,' has 
a distinctive grayish brown (2.5Y 5/2) coloration and a 
relaiively high carbonate content . Only one sample was 
taken from within this subunit and this is characterized by 
a S 15 N of 6.~oo and a depleted 613 C of -24 . 9°/oo. An 
( 
unusually low C/N of 1.7 is found for this sample as well 
' 
as low abundances of organic carbon and nitrogen. 
Sub~it 2a extended to SScm and has an olive gray (SY 
4/2) coloration with slight black mottling and a moderate 
carbonate content. Ab~ndances of sand decrease from a 
maximum of ,30\ near subunit 2b to ~ minimum of 3\ near unit 
1 . Silt concentrations are constant at approximately 50\. 
~ganic abundances Ln~r~ase steadlly throughout thlo 
sUbunit with the greatest values at the core top of 1.13\ 
for carbon and 0.32\ for nitrogen. Carbon isotope values 
are low and slightly higher than in subunit 2b . Slight 
. 
enrichments in 15 N in subunit 2a relative to 2b are 
evident. 
A dark olive gray (5Y 3/2) color~tion with black 
.• 
35 
( 
., 
/ 
mottling do)llinates in unit 1. " Isotope values are greater 
in 6 13 C than in subunit 2a, with a aaxiaua of -22.5°loo, 
though similar in 615 N. In addition, sand and silt 
concentrations, 7 and 64,, respectively, are similar to the 
uppermost sample in subunit 2a. 
4b . Core WBl 
This core was collected,lOkm from the head of Y~ite 
Bay (Fig. 4). The entire length of core WBT: 53lcm, 
consists of an olive gray (5Y 412) mud wit·h varyin/ amounts 
of heavy black mottling. This suggests that only)unit 1 is 
represented. A steady increase in 6 15 N values 1~ observed 
from 7 ° I o o n e a r t.h e top to 9 ° I o o at the core bot to a ( F i g . 
28). The averige 6 13 C value between 220 to 314ca, 
24. 6° loo, is 1 ~0 joo more def le ted . than .the · average for 
sediment below 34Acm (Fig. 2P). Above 220ca carbon values 
' increase to a maximum of -22:~ 0 /oo at 20cm. The upper 20cm 
a're slightly depleted rela<:iye to those below. · 
"' I 
Organic carbon and nitrogen abundances generally ){ 
0 A • ~ 
in~rease u~ core ~nd range fr~a 0.99 to 4.83\ and 0.13 o 
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0.4~\, respectively (Ff.g. ~9). The uppermost few samples ; · r · 
show ~light reductions in organic nitrogen. Throughout the 
core most ~IN values range between 6 and 12 (Fig. 30) . . 
Ho~ever, the C/N of the sample at the core top, 19, greatly 
exc~eds this range. 
I 
.. 
' 
4c. Core WBZ 
Core WB7 was collected 7lkm from the head of Whi t e Bay 
with a total recovery of 430cm (Fig . 4). The sediment from 
core WB7 ~onsists of an olive (5Y 4/4) to da~k olive gray 
(5Y 4/2) mud with moderate black mottling thr o ughout its 
entire length . Based on these sediment chara c teristics 
this core is interpreted as consisting entirely of u n it 1. 
A steady increase in o13 C up core is apparent with 
depleted values near -25°/0o at the core bottom and - 21°/o o 
at the top (Fig . 31) . The 6 1 ~N above 390cm range ~etwee n 
6 . 4 to 8 . 1° joo (Fig. 31). Sediments be low 400cm are 
enriched in 15 N by as much as 1.6°/oo relative t o th is 
range . 
Thr~4ghout the lower half of the core, elemental 
abun1ances are near 0 . 5\ for carbon and 0 . 1% f or nitroge n 
(Fig . 32). Between 203 and 153cm elemental abundanc es 
increase then r~main nearl~ constant to Ocm . Maximu~ 
concentrations of_ carbon and nitrogen for the core a r e 2. 78 
and 0 . 60%, respectively . Most C/N values range betwee n 4 
and 8 and no trend with depth is observed (Fig. 33) . 
• 
•' .. 
' 
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4d . ~2U GB2 
. ' 
Core GB2 'vas co l lected 7km f rom the· h e ad of · creen Jtay , 
a fjord that opens into Notre Dame Bay ( Fig . 4) . Total 
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sediment recovery was 32lcm. The upper 44cm of core CB2 
co~sists of a dark olive gray (5Y ~/2~ - mud c~aract~ristic 
of unit 1. Beginning at 44cm to the core bottom the 
sediment changes from an olive gray (SY 4/2) to dark gray 
(SY 4/1) mud with moderate black mottling. This interval 
has a moderate level of carbonate. 
Nitrogen isotope values are constant throughout the 
core and range between 7.0 and 8,5°/oo (Fig. 34) . A change 
in 613 C is evident between samples below 44cm which have 
values near -22° /oo and · those above which are approxima.tely 
-2P/oo (Fig. 34) . In addition elemental abundances are 
. 
different between these depths (Fig. 35). Concentrations 
•. , 
of carbon and nitrogen below 200cm, 0.7 and 0.1, 
respectively, are constant and more enricheu than those of 
'" the sediments above. Between 44 and Ocm elemental 
abundances increase sharply, attaining maximum values of 
4.23\ for carbon and 0.63\' for nitrogen . Host C/N ratios 
are in the range of 4 to 10 and exhibit no trends with 
depth (Fig. 36). 
The transitional changOs evident in coloratio~, 61 3 c 
and elemental abundances seen in thi~ core at 44cm are also 
evident in core SB3 between unit 1 to subunit 2a. 
There£ore, the changes in geochemical and sedimentary 
...... 
characteristics at 44cm are interpreted as representing the 
transition from unit 1 above, to unit 2a below. These .are 
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the only units · which were recovered by this core. 
4e. Core HB2 
A total' .of 298cm was recovered in core HB2. This core 
was collected from Halls Bay, a fjo~d 20k'h southeast of 
Green Bay, that also opens up into Notre Dame Bay (Fig. 4). 
The up_per 165cm of sediment consists of a fine silty, olive 
gray (5Y 4/2) mud with heavy black mottling. Below 165cm 
.. 
the sediment is" only ,. lightly mottled, dark gray (SY 4/1) 
and has a high carbonate content. 
Nitrogen lso'tope values range from 6.0 -to 7.8°/oo with 
no consistent pattern of variation throu~~out the cnre 
'-:-- ' . 
(Fig. 37). The 6 13 C range from -22.9 t.., -21.2°/oo 
throughout the core (Fig. 37). From 170 to lSOcm a slight 
increase in 6 13 C is obsetved. Similarly, s::arbon and 
nitrogen abundances increase across this transition and 
generally continue to increase to Oc~ (Fig. 38). Carbon . 
and nitrogen concentrations above 165cm range from 1. 44 to 
2.88' and 0.23 to o : 44\, for carbon and nitrogen, 
respectively. Elemental C/N values are highly variable 
throughout this core, and range from 6.2 to 21.~ (Fig. 39) . 
...!. 
A large numbe~ ol high C/N . values occur in the 'lower part 
of the core (Fig . 39). Two units are recogni~ed in cor e HB2 
based on its similarity in geochemical and sedimentological 
changes to cores SB3 and GB2. Unit 1 is identified between 
} -
~\ 
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. 0 and 165cm and subunit 2a from 165cm to core bot tom . 
4f. Core EX6: tri,&er weight and piston core 
Coring at station EX6 took place where Exploits Bay 
opens into Notre Dame Say (Fig. 4). Sediment recovery was 
114cm for the trigger weight core and 403cm for the piston • 
core. Three sedimentary units are distinguishable in the 
piston core and 2 within the trigger weight cor,e . 
The bo.ttom Scm of the piston core conststs of a 
<,;' 
reddish brown (2.5YR 4/4) mud with a fine ·silty texture. 
The one sample taken from this interval is characterized by 
low 6 1 ~N and 6 13 C values of 4.9 and -24.7°/oo, respectively 
(Fig. 40) . Abundances of ot·ganic carbon, 0.3lt, and 
nitrogen, 0.05\, are also low in comparison to the rest of 
the core (Fig. 41). 
Between 398 and 353cm the sediment is a dark grayish 
brown (2 . SY 4/2) hea~ily mot>led black with nu11erous 
bivalve shells and a lcm, round carbonate dropstone at 
383cm . The £arbon and nitrogen isotope values, 
approxim a tely - 22°/oo and 7°/oo, respect~vely, are more 
e nriche d than those of the sediments ' below. · changes in the 
se d i me nt a ry a n d .geochemical charac ~.e r is tics between 
' '
s ediment s below 398cm and those in \ the inte~val of 398 to 
353cm a re similar to changes observed between zones 2c - 2 
and 2c-l of core SB3. Consequently , the two sedimentary 
I 
. '
intervale below 353cm are classified as zones 2c-2 and 2c-
1. No diat.omaceous laminations are present in core EX6. 
This suggest• that they were not deposited at this location 
or that the core did not penet:rate far enough into the 
sediment to sample thea. 
From the top of subunit 2c to a ,depth of 348cm the 
sediment has a grayish brown (2 . 5Y 4/2) color and a very 
high carbonate content. Although similar to zone 2c·l in 
5 15 N, this inte~val is depleted in 6 13 C, ,C, 'Nand C/N 
( F 1 g ur e s 4 0 , 4 1 and 4 2 ) . Nearly identical isotopic and 
elemental values are observed between this interval and 
,.. 
subunit 2b of core SB3 indicating that they are composed of 
the same subunit . 
0 
Above subunit 2b to a depth of 139cm the sediment is 
dark gray (2 . 5Y 4/) with a moderate carbonate content. 
Isotope values are variable and range betwe~n 6.2 to 
8 . 3 ° I o o and .· 2 2 . 8 to - 2 1 . 3 ° '! o o for carbon and n 1 t r o g en , 
respectively. Elemental abundances are constant throughout 
, 
most of the unit: at levels of 0. 5' fk carbon and 0 . H for 
nitrogen and are similar to subunit 2c. 
From 139cm to · the core top the sediment consist of an 
olive gray (5Y 4/2) silty mud with black mottling. 
Increases in 615 N and 6 13 C of 1°/oo are noticeable frora the 
top few samples in subunit 2a to the bottom few samples in 
\ 
the unit above. Over this same interval the organic 
41 1. 
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abundances increase as well, reaching concentrations near 
·' 
" 3.0 and O . St for carbon and nitr.ogen, respectively. Aa in 
other cores, · these changes indicate that this uppermost 
interval is unit 1. 
Yithin the trigger weight core the color change 
between sediments below 77cm to those above is similar to 
.. 
the color change observed at 139cm in the piston core . A 
slight increase in 613 C and large increases in elemental 
compo s itions. ar"e observed be t"een a ediments be low and those 
above 7 7 em (Figures 43 and 4 .4) . Only a small variation in 
6uN occurs thro~ghout the core (Fig. 43). Ratios of 
carbon to nitrogen in .the trigger weight are similar to 
those in the upper portion of the piston core (Fig. 45) . 
These results indicate that the transition from unit 1 to 
unit 2a is located at 77cm in the trigger weight core. 
Re~overy of unit one ·was ~uch less in tnis core than in the 
piston sugges~ing that the upper portion of this unit ·was 
lost either by flowing out the top of the or upon core 
' 
impact at th e sediment water interface . 
4g. Core ND2 
Collecti_on of 1_core ND2 took place 23km north of core 
EX6 and formed a transect with EX6 and core SB3 (F i g . 4). 
~ediment recovery extended to 348cm for this · core . From 
) 
340cm d e pth to the core bottom the sediment is reddish gray 
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(lOR 5/1) with 6 15 N and &13 c values near 6.3 and -22°/oo, 
respectively (Fig. 46). Sediments below 340cm in core ND2 
';'_. 
are slm~lar in isotopic composition and coloration to those 
of subunit 2c-2 in SB3 (Fig. 24, 25, and 46) . Elemental 
abundances for carbon, 0.5,, and nitrogen, 0.07,, are 
nearly constant within this int-erval and throughout the 
core (Fig . 47). Values of C/N are less than 10 for this 
interval and the majority of the core (Fig. 48) . 
Between 340 and 313cm the sediment is olive gray (5Y 
5/2), with a moderate amount of carbonate and has several 
thin diatomaceous laminations. Nitrogen isotope values are 
similar to those of the sediments below. ' A progressive 
' depletion in 13 c occurs from the bottom to the top of this 
interval. 
' 
Above 313cm, to a depth of 295cm, a grayish brown 
color (2.5Y 5/2) domina ted and carbonate content is high. 
Jhe trend of decreasing 613 c observed in the sediments 
below continues, reaching a 11ini!Dum of -24.1°/oo at 310cm. 
Values of C/N, 24.7, within this interval are extreme 
relative to the rest of the core (Fig . 48). Changes in 
isotope ' va\ues and c~loration between 313 to 340cm and 
those between the depths of 295 to 313cm are similar to 
changes observed between zone 2c - l and subunit 2b in cores 
SB3 and EX6. Consequently, sediments be~ween 313 to 340cm 
are identified as zone 2c-1 and those between 295 and 313cm 
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.,..... as subunit 2b. 
Above subunit 2b a light olive gray (5Y 6/2) doai~s 
the sediment. A diatom lamination is present at a depth of 
287cm. Increases of greater than 1°/oo in both 6 15 N. and 
st 3 c occur from the bottom of subunit 2b (313 cm) to a 
l. 
depth of 250cm. No further changes~in 6 1 ~N are evident 
from 250cm to the top of this core . The s 13 c remains 
~proximately constant to 20cm. 
The coloration of sediments above 17cm is olive gray 
(SY 4/2) with heavy mottling. These sedimen~s are enriched 
in S13 C by more thanll 0 /oo relative to those between 295 
and 17cm. Coupled with the change in 6 13 c are sharp 
increases in the org~nic abundances which reach maximum 
concentrations at the core top of 1 .. 95 and 0.38' for carbon 
and nitrogen, respectively. These changes in ~ediment 
_coloration and geochemistry at 17cm define subunit 2a below 
and unit 1 above. 
4h. Core NSl 
Core NSl was collected 17km from the head of Newman 
Sound, a fjord that opens into Bonavista Bay (Fig. 5). 
~ This core had the lowest sediment recovery, 226cm, of any 
core within this study~ Sediment is olive gray (5Y 4/2) to 
dark olive gray (5Y 3/2) with heavy black mottling 
thro\.lghout the core. 
Nitro·gen and carbon iaotopea for the entire core 
varied only 1°/oo and have average values of 7.5 and -
20.7°/oo, respectively (Fig. 49). This core hs(}t high 
abundance of carbon, 5.79t, and nitrogen, l.Olt (Fig. 50). 
Both of these parameters decrease sharply down core. The 
total variation in C/N is from 5.0 to 10.9 ~nd no trend 
with depth is apparent (Fig. 51). 
' 
Stable isotopic and 
sedimentary evidence suggest that the entire core is 
' composed of unit 1. 
6i. Core BBl 
Core BBl was collected from the center of Bonavista 
Bay and had a total sediment rec~very of 556cm (Fig. 5). 
Sediment coloration and isotopic data in core BBl are very 
similar to core NSl. An olive gray (5Y 4/2) to dark olive 
gray · (SY 3/2) sediment with varying amounts of black 
mottling dominat\s throughout the core. Carbon and 
nitrogeri isotope values ~re very consistent down core and 
averaged -21.6 and 7.4°/oo, respectively (Figure 52). Core 
BBl is not as organic rich as core NSl, with maximum values 
of 3.35 and 0.63\ for carbon and nitrogen, respectively. 
Between 0 and 180cm a gradual decrease in carbon and 
nitrogen abundance is evident (Figure 53). Carbon to 
nitrogen ratios range be~ween 5.1 and 11 . 9 and do not show 
much variation with depth (Fig . 54). The sediment 
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coloration and isotopic eoaposition indicate that the 
/entire length of thia core consists of unit 1. 
4j. Core summarx 
Five distinct units were identified and described 
within the continental shelf s~dimehts off northern 
Newfoundland. These units have unique s~dimentary and 
geochemical ~haracteriatics which are correlated among 
cores . Within these units a co11plete sequence of 
"" depositional events representing the retreat of the Late 
Wisconsinan ice sheet and the Holocene interglacial period 
can be observed . 
I 
-
Pi scussion 
The composition of organic m~ter preserved in 
sediments depends on its origin and processes of alteration 
-prior to and after deposition. Through geoche~ical 
analysis of this material a history of depositional and 
cljmatological events can be obtained. The objective of 
this studJ was to assess sources and cycling of organic 
matter within the bays of northern Newfoundland as a basis 
~ 
for evaluating sources of organic matter preserved in 
Quaternary sediments. Three endmembers, terrestrial, 
marine phytoplankton and macroalgae, were characterized by 
isotopic and elemental analysis for coaparison with seston 
' and sedimentary organic matter. Data on seston and 
sediment from different depths was used to assess 
diagenesis. 
1. freshwater seston 
Freshwater seston has 6 13 C values which fell within 
the range of values reported by previous studies for the 
terrestrial endmember (-26.5 to -24.8°/oo; Table 1; Peters, 
et al . , 1978, Macko 1983). Most seaton 6 15 N are more 
enriched than values used to model this endmember (Tables 1 
and 4). The ratio of carton to nitrogen w~thin the 
terrestrial environment, 14 to 30, is higher than all 
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values· obtained within this study (Table 4; Godell, 1972). 
Within a freshwater system Kinigawa and Wada (1984) 
Interpreted enriched values of 6 15 N relative · to the 
terrestrial endmember to be a consequence of phytoplankton. 
The enriched 615 N and low C/N values within lacustrine and 
I ' -I ; . 
- - - -~riverine _ systems of Newfoundland are suggestive of a 
'" ) 
f'l:eshwater phytoplankton influen-(:e. 
I 
I The Exploits River is unique among freshwaters of 
2.2°/oo, is 0.6 and 2.8°/oo more deple~ed than the averages 
.!'-
of all other stations. 
I 
The average C/N, 12 . 3, is greater 
than the average of 8'.1 o-b-ta~ned for---the other freshwater&. 
Unlike other rivers, the Exploits River is influenced by 
paper mill effluent. This effect could lead to the 
depletions observed in the stable isotope values. 
The freshwater terrestrial seaton data suggests that 
within the norttern Newfoundland system the terrestrial 
endmember is influenced by both freshwater phytoplankton 
and an allocthonous input from runoff and paper mill 
effluent. Consequently, the signature of this endmember 
would be between the average 6 13 C and 6 15 N for freshwater 
seston influenced by phytoplankton, -24.9 and 5.1°/oo 
respectively, and the average 6 13 C and 6 15 N of Exploits 
R17er seaton, -25.5 and 2.2°/oo respectively. 
I 
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2. Mocroal&ae 
Kacroalgae from 'northern Newfoun·dland has nitrogen 
isotope values which fall within a range, 3.9 to 7.7/oo, 
which was approximately 2°/oo depleted relative to that 
reported by Miyake and Wada (1967). The variation in 613 c 
between species is as much «s · 7°/oo (Table 3). The 
species, Laminaria solidun&ula, has an average carbon and 
nitrogen isotopic composition of -20.3 and 4.6°/oo, 
. respectively. ~ solidun&ula is recognized as a dominant 
species within this system (Bob Hooper, Dept. of Biology, 
Memorial University of Newfoundland, personal 
communication). Consequently, its isotopic composition may 
be the most~characteristic of thejcroalgae endmember. 
Carbon isotope values of macro lgae can ~ary with 
seasons and within a single plant / Stephenson et al., 1984; 
• Fry et al~, 1987). The variation over one year can be as 
11 u c h as 7 ° I o o a,n d w 1 t h in p 1 ant d i f :f e r en c e s are a s g r e at a s 
8°/oo. A 4°/oo variation is ~bserved within a single ~ 
solidungula plant from Bonrf' Bay, New .~.oundland (Fig. 12). 
The homo~enized L..:) solldunn:l.A from chis study are at least 
2°/oo enriched ln 13 C relatlv~ to species of the same genus 
taken from other high l at itude locations (Stephenson et 
al., 1987; Dunton and Schell, 1987). 
This study showed that nitrogen isotope and C/N values 
also vary within a single plant. The C/N values ~t t he 
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biade edge and holdfast are at least 6 less than those of 
the midrib (Fig. 12). Ratios of carbon to nitrogen of less 
than 10 indicate nitrogen storage (Hanisak, 1983) . The low 
C/N observed along the blade edge and boldfast of the plant 
denote nitrogen sto~age. The enriched 6 15 N. and the low C/N 
in these areas in comparison to the midrib suggest that 
there is isotopic discrimination during storage (Fig. 12). 
Varying degreesJof biosynthesis which draw on these storage 
p~oducts may be an important facior in determining the 6 15 N 
of algr;e . 
Among species of macroalgae there is a range of 20 in 
C/N (Table 3). Four of the eight values were greater than 
18. A Cj~~ greater than 10 is an indicator of nitrogen 
limitation (Hanisak, 1983). High values in this study 
may reflect a lack of available inorganic ni~rogen in the 
environment of these algae. However, no additional data 
was coll~cted to assis~ in discerning the reasons for the 
low abundance of nitrogen in the~e macroalgae. 
Based on the analysis of macroalgae in this study, it 
is not possible to define a clear endmember isotopic 
composition ·for the northern Newfoundland system. The 1 'N 
v a lues of macroalgae overlapped that of seston. However~ 
the algae are 'more enriched in 13 c than all but one of the 
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seston samples (Tables 3 and 7) . In that~ solidun&ula is , 
I 
a do~inant species in this area, its isotopic composition 
' 
may most clo~ely reflect that of the macroalgae endmember. 
~ soliduncula is more enriched in 13 C and more depleted in 
1
'N than 29 ~f th~ 33 surtace seaton samples. 
Consequently, values of sediment which are depleted in 15 N 
and enriched. in 13 C~ relative to seaton may reflect the 
influence of macroalgae. 
3. Marine particulate orcanic matter 
The isotopic abundances of carbon and nitrogen in 
surface water sestbn off north~rn Newfoundland are similar 
to those reported b:( 'other studies . Seston had an ave~age 
6 13 C of -24.3°/oo _which is similar to values reported for 
phytoplankton from high latitude areas (Sackett et al ; , . 
1965; McConnaughey and McRoy 1979; Tan and Strain 1983, 
Dickson 1986, Dunton and Schell 1987, Table 5). The 
majority of surface seston 6 15 N values are within the range . 
.r 
of 5 to 9°/oo which is common for phytoplankton from 
pelagic seas and coastal areas (Hinigawa and Wada, 1984, 
Table l3). Such values are similar to that of oceanic 
.... 
nitrate, the prim a ry source of nitrogen for phytoplankton 
(Miyake an~ Wa da, 1967; Cline and Kaplan, 1975 and Liu, 
1979) . It h~s a l s o been suggested that ammonia 
assimi~tion ca~ result in . values for seston which range 
between 6 and 10°/oo (Saino and Hattori, 1980). The N of 
surface water seston is simi~ar to the range reported 
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marine phytoplankton (Muller, 1977, Table 7). 
/ 
The 4 15 N and C/N of filamentous material obtained from 
plankton tows is within the range of the surface seaton : 
The 613 C of the tow material is enriched relatiVe to the 
surface seston. This distinction is a consequence of 
differences in the type or source of material collected by 
the two sampling devices. Niskin bottles primarily coll~ct 
suspended POM, which has been termed seaton, whereas the 
larger fraction, sinking POM, is obtained in the plankton 
tows (McCave, 19jS; Altabet, 1988). Suspended material has 
been shown to be enriched in 13 C relative to sinking POK 
(Entzeroth, 1982). Altern'atively, a larger contribution of 
macroalgae to the plankton tow material could account for 
tne observed enrichment in 13 C relative to seaton. 
Enrichments in the &13 C of phytoplankton material have 
also been attributed to isotopic discrimination between 
HC0 3 - and C0 2 in seawater (Deuser, . 1970). During periods 
of high productivity there is increased utilization of col 
whi c h shifts the equilibrium between HC0 3 - and dissolved 
C0 2 · in favor of the production of C02 • Under these 
conditions· the normally obs~rved 7°/oo equilibrium 
fra ct ionation effect in &13 C, between HC03- and dissolved 
C0 2 , is reduced (Degen& et al., 1968b). This leads · to 
\ . 
enrichments ~n ' ~ 3 C of dissolved C0 2 and of the 
phytoplankton which utilize this gas . 
52 
.,· 
·.) 
The origin of the plankton tow material is uncertain. 
Isotopic and elemental data suggest t;hat it is mostly 
composed of phytoplankton w!th a 111inor cont ibution from 
It is difficult rel'ationship of 
rest of the syste 
samp 
are 
Consequently, the ses toj-""s' ;.p 1 e.s 
to be the . most re.present~tive o_:_m ine POM. 
Variation observed in the isotopic and{e"ieme a 1 
abundances of surface W.&$er seston re·flect£ chang:s in the 
I J ~ ~ 
relative input of organic matter' . from terrestrial, 
phytoplankton and mac roalgae detritus. In May, seston from 
Exploits and Trinity Bays is characterized by lower - c5 15 N 
and higher C/N and organic concentrations than at other 
tim~s of the year (Table 13,). These changes indicate 'an 
increased terrestrial influence in May as a consequence of 
spring ru11off. 
Bonavis ta Say 
1 nfluenced by 
The low 6 1 5 N and h i _gh C/N values in 
in May are also interpret e d af being 
__., 
terre s t r i·al runoff. 
Depletions 'in 13 C, which normally accompany 
terrestrial input, are not always observed . At EX4, EX2 ; 
and TBS the carbQn values in May, -23.5 t ·o -23 . 2°/oo, are 
greater than at other times of the year . This seems to 
contradict a terrestrial influence since the average value 
for freshwater seston f rpm the Exploits River is -25.5°/oo . 
The most e nri c h e d o13 C within Exploits Bay, -22. 5°/oo, is 
- . 
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\ btained at EXl, the station 'nearest to the mouth of the 
E~ploits River. The carbon and nitrogen isotope values at 
E>(l are similar to 1...... soliduuula which suggests a strong 
\ I \ 
ma~roalgae contribution at this station. _ A macroalgae 
influence ~n May t'h roughou t the Exp lo 1 ts and at HB 3 1 n May 
and ND2 in N-ovember cou 1 d result in the observed 
• 
enrichments in 6 13 C. 
Excluding stations within Exploits, Trinity and Halls 
Bays in May and ND2 in November where a terrestrial or 
mac~oalgae con.tribution is obser~d, low 6 13 C values 
suggested · ~ predominance of phytoplankton de t r 1 tus'. lf the 
~ 
above stations are not included, the average for 6 1 ~N and 
li 1 3 C is 8 . 2 ± 1 . 5 and - 2 4 . 6 ± 1 . 6 , t' e spec t i v e l y . The a e 
values define the · phytoplankton encl ::: ember for the bays of 
northern Newfoundland. 
The isotopic and elemental composition of seston from 
'9 
lower waters is a function o·f sources, degradation and 
resuspension. Degradation of organic matter typically 
results in increases in '6 15 N and C/N and decreases in 61 3 c 
and organic concentrations (Gord<.n, 1971; Mul.ler, 1977 and . 
Saino and Hattori, 1980). Diagenetic effects within the 
water column are evident at many stations by increases in 
6 15 N in middle andjor botto11 water sestori relative to · 
surfac e waters (Figures 14 and 15). 
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The 6 13 C and C/N of seaton showe d no consistent trends 
... 
with depth as opposed to 6 1 'N. 
) .S5 
The smaller variation in ~ 
6 13 C relative to 615 N may be explained by fractiopation of 
15 N during utilization and aobilization of the nitrogen. 
Microbial activity may increase the nitrogen content of 
detritus over time (Tenore, 1983). The variable C/N values 
and organic concentrations of lower water seston in this 
study may, therefore, be related to the s 1 z e of the 
bacterial community present . 
At some stations the 6 15 N -of middle water ses.ton is 
lower than that of seston above and below (Fig. 14). . \ , 
Similar depletions in 15 N have been observed at the base of 
the euphotic zone and we:re attributed to isotopic 
discrimination during assimilation of inorganic nutrients 
ul)der high. concentrations where conditions· are non rate 
~ 
limiting (Saino and Hattori, 19SO; 1985 and 1987). 
However, deC'r·eases in seston nitrogen isotop e values have 
also been attributed to growth of bacteria utilizing 
isotopically dephted ammonium (Wads. 1980, Libes and • 
Deuser, 1988). : owing to the lack of data on nutrient 
,. 
concentration and isotopic abundance\___~} is not possible in 
this study to distinguish betwe~n these two processes . 
De g.r ad a t ion of organ 1 c matt e r in the w a t e r co 1 u Dl n is ~ · 
als·o indicated by changes in the 6 13 C and concentration of 
D I C w i t h de p t h ( F 1 g u't- e s ·· 1 7 and l 9 ) . Ave ~age 6 1 3 C v a 1 u e s 
are lowest in bottom water s and gl'eatest . in surface waters. 
i 
\. 
.Also evident is an increase in DIC concentration in deeper 
( J 
water samples (Table 10). These two trends indicate an 
input o~ isotopilally depleted ··carb<>n dio.xlde fro11 the 
oxidation of organic matter (Kroopnick 1980) , 
Sesto~ from bottom waters frequently has greater 
' concentrations of total suspend~d matter and organic carbon 
,,-
and nitrogen than surface and)or 11iddle waters (Table 7). 
A contribution of sedimentary material to these samples is 
. 
likely since the majority of bottom samples were collected 
Sm above the seabed. Near bottom seaton 5 13 C ·values have 
been observed to reflect a mixture of sediments and surfa~e 
water seston as a consequence of resuspension (Tan and 
Strain 1979a). Similar shifts in bottom water aeston 6 1 ~N 
and 6 13 C value's are observe~ at several stations in this 
study and indicate resuspension of sediments (Figures 14 
and 16). The effects of resuspension may have been 
observed at all stations had seston been collected nearer 
to the seabed. 
\These results suggest that the isotopic and elemental 
composition of seston in lower waters is affected by 
productivity, degradation and resuspension. There is a -. 
' tendency for one process to affect one parameter to a 
greater extent than it affected others. For exa11ple, 
degradation in middle waters at station HBl in Noveaber 
resulted in a 5.6°/oo increase in 6 1 ~N with respe~t to the 
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surface,. but had negligible effects on ,slSc or C/N {Table 
6 ) . · R'e sus pens ion i s c 1 e-r 1 y indica ted a t G B 3 in Aug us t by 
an increase of 2.09mg/l in total suspended matter ~of bottom 
water seaton with respect to the1 middle water sampl~. Bo,th 
carbon and nitrogen isotope value.s at GB3 are shifted by 
• 
greater than 1° /oo, but the change in C/N was . minor. These 
data indicate that degradation and resuspension, either 
directly from the bottom or from slumping, can af(ect 
seston carbon and nitrogen to varying degrees or 
. independently. A clearer interpretation of the processes 
affec~ing the isotopic and 6le composition of seston 
could be obtain~d by collection more 
samples from different depths at ea~h station . 
4. Surficial sediments 
Sediments receive organic matter from the water 
column . The isotopic and elemental composition of ./ 
sediments within Northern Newfoundland Bays should reflect 
a mixture of the three endmembers which contribute to the 
waters of this system. The ·upper centimeter of sediment 
material is similar to the phytoplankton endmember in 615 N 
and C/N but resembles macroalgae in 6 13 C (Table 14). These 
results infer a mixing of two sour7es as oppo.CJed to: 
diagenesis. The enrichment in 13 C of surficial sediments 
relative to seston contradicts the isotopic trend that is 
.. 
associated with diageneais (Eadie and Jeffrey, 1973; 
Jeffrey et.al., 1983). 
A terrestrial influence is observed in Exploits Bay. 
The ~} 3 c and C/N of surficial sediments at EXl are very 
similar to the terrestrial endmember (Tables 10 and 14). A 
grab transect in Exploits Bay clearly demons~rates a mixing 
of ~errestrial and marine sources by increases in 613c and 
4 6 1 ~N with distance from the ,head of the estuary (Figures 21 
and 22). A similar transect in Conception Bay does not 
show a similar mixing trend. Isotopic values throughout 
the Bay are relatively const~nt and indicat~ve of a mixtur~ 
of phytoplankt~n and macroalgae material . 
The surficial sediment data demonstrate that isotopic 
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and elemental data can be used in the modern environment to 
assess the relative contribution of sources of organic 
material to the sediments. Information regarding 
variations in this input over time is retained in core 
samples. However, diagenesis in sediments mu't be assessed 
to determine if this piocess obscurest the geocheuical 
signature.of the source material. 
Decomposition may be responsible for the wider range 
of 6 15 N and greater C/N values when samples were stor~ f or 
one and one •ha!f years in the laboratory at room 
tempe r ature (Table 12). However, it is difficult to ma~e a 
firm conclusion of the basis of these few samples. Mo r e 
samples are needed from this and other corea to aaseaa the 
organic geochemical cha~g~hat occur to sediments under 
s t ,orage . Diagenesis is not apparent in the upper Jcm of 
the sed1~ents. The average isotopic and elemental 
composition of samples taken at O· and Jcm are nearly 
identical (Table 9). The geochemical signature is 
preserved and therefore the ability to assess the relative 
contributions of organic sources was maintained in u 1ppe r 
sediments. 
5. Sediment cores 
5a. Diuenesis 
Evaluation of core data similarly depends on the 
ability to distinguish changes due to source ~rom those 
' 
which are a consequence of diagenes~s. The la~ter effect 
is indicated by decreases in t~e organic abundance of 
carbon and nitrogen down core (Kontani et. al, 1980; Waples 
and ·sloan, 1980). Such trends are apparent in all cores 
from this study (Figures 26, 29, 32, 35, 38, 41, 44, 47,. 50 
and 53). Enrichments in 15 N and depletions in' 13 C over the 
same interval where organic abundances decrease have been 
attributed to diagenesis (Behrens and Frishman, 1971; 
Macko, 1981). Concomitant decreases in 613 C and carbon and 
nitrogen abundances are observed in core WB7 (Figures 31 
and 32). No definitive trends are observed in ol 5 N with 
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depth. Decreaaea in 613 C and organic abundance& between 
unit 1 and 2a of cores 583 and ND2 are accoapanied by 
changes in sediment coloration. As will be discussed later 
this color change implies a change in sediment 
characteristics which iR probably related to a change in 
source. Core VB7 is the only core where diagenesis is . 
clearly indicated by isotopic trends. 
With th~ exception of core WB7, diagenesis is not 
considered a dominant factor in 1controlling the isotopic 
composition of sediment cores. Therefore, the data from 
this study is used to assess changes in the relative 
con~ribution of endmembers as a function of cliaatological 
~vents from the late Wisconsinan through the Holocene . 
Sb. Interpretation of depositional events 
The most complete sequence of depositfonal events is 
represented by core SB3. For the sedimentary record 
represented by this cor~. isotopic and elemental data 
e~ldence the retreat of the late Wisconsinan ice sheet. 
lee movements a~~ reflected by changes in the relative 
contributions of organic matter sources and 
sedimentological characte4lstics. A regional 
interpretation is provided by correlations among cores. 
The earliest depositional event represented by unit 5 
of core SB3 is lnte ~preted as till that was deposited 
•• 
during the Late Wisconsinan glacial maximum. This material 
is considered to have originated from Carboniferous bedrock 
located west of core SB3 (Mudie and Guilbault, 1982). The 
average 6 13 C, -25 . 3°/oo 
~ 
and average S15 N, 4.3°/oo, for 
unit 5 are similar to the isotopic composition of 
freshwater seaton tonsidered to be of phytoplankton origin 
(Table 5 and Fig. 23) . Similar isotope values are reported 
by Pulchan (1987) for a glacial till de~osited in marine 
sediments from Bay D'Es~oir, Newfoundland. The C/N values 
are lover than that of the Exploits _river seston but most 
fall within the range of fresh water seston (.Tables 4 and 
14, Fig., 27). The geochemical evidence indicates that the 
sediment in unit 5 was initially deposited during the 
Carboniferous in a freshwater environmenD prior to glacial 
transport. 
Previous work suggested that Unit 4 wa~ deposited 
shortly after separation of the grounded ice sheet from the 
sea floo~ (Kudie and Guilbault, 1982). 
values are similar to unit 5. An increase of 1.7°/oo in 
the average 613 c of unit 4 relative to unit 5 may indicate 
a small contribution of marine organic matter (Fig. 23). 
After separation waters below the ice sheet could have 
exchanged with those further offshore resulting in mixing 
of till and marine organic matt~r. 
A greater marine influence is evidenced in unit 3 by 
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diatom laminations and 6 15 N values near 6°/oo at the base 
( 
of this unit (Fig . 26). The retreat of the ice sheet over 
• 
this location is implied by these data and the observed 
decrease in the abundance of aand from the bottom of the 
core through unii 3 (Fig. 24). Ages of 21,000 and 17,000 
yr BP has been proposed for this event (Mudie an~ 
Guilbault, 1982; Scott et al . , 1984) . Carbon and nitrogen 
isotope values of the upper sediments of unit 3 ~re similar 
to unit< 4. Within unit 3 these 6 1 ~N values can be 
accounted f~r by release of till as the ice sheet melted or 
preferential degradation of 
preservation of the signal 
terrestrial till. 
martne organic ~tter and 
from the more r~actory 
The sediments of unit 2c are similar in isotopic and 
C/N composition to that which would res~lt from a mix~ure 
of ~acroalgae and phytoplankton (Figures 25 and 27). The 
weakening influence of till and predominance of 
phytoplankton is indicated by increases in 6 15 N up core 
within zone 4. Enrichments in 13 C from the bottom of zone 
4 through zone 3 ~ay reflect a contribution of macroalgae. 
The productivity of macroalgae growing at depth would be 
enhanced by increased light attenuation associated with 
ex .. tens lve ice free c'ondi tiona. Surf ace phytoplankton could 
flourish with partial ice cover. Reductions in lee cover 
could account for the influence of macroalgae organic 
,. 
\ 
matter observed in zone 3~ 
Although a marine~fluence continues to dominate the 
geochemical parameters of sediments within zone 2, a 
reddish gray coloration suggests deposition of ~ill. The 
low sand content within this zone suggests that the till 
was not deposited in elo~e proximity to core SB3 (Fig. 24). 
Sediments in zone 2 of core ND2 are similar to zone 2 of 
core SB3 in 
·;:;~)g. 46). 
isotopic composition and sediment coloration 
•...:, 
Hovever, in core EX6 the reddish sediment is 
accompanied by 613 C and 6 1 ~N values similar to those of 
unit 5 of core SB3 (Fig 40). The isotope values of 
sediments within zone 2· of EX6 indicate a second deposition 
of till in close proximity to this core. The till may have 
,. 
been flushed into the Notre Dame basin. Organic 
concentration of the till is low and not sufficient enough 
to overprint the marine signature prevalent in zone 2 of 
cores SB3 and ND2 (Figures 26, 41, and 47). 
Decreases in ~ 13 C and C/N up core in zone 1 of subunit 
2c aod subunit 2b within cores SB3 and EX6 are 
characteristic of an increased contribution from 
i 
phytoplankton relative to macroalgae . 
low relative to the phytoplankton endmember but is within 
the range of surface water seston (Tables 7 and 14) . 
Shifts in the nitrogen isotopic composition of 
phytoplankton may be related to variation in the abundance 
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,and isotopic~. o_sltion of inorganic nitrogen {Cline and 
Kaplan, 1975; Sa~o and Hattori, 1987)~ 
Subunit 2b of core ND2 has a similar isotope 
composition to subunit 2b of cores 583 and EX6. The C/N 
values in subunit.2b of ND2 of r~eater than 20 are strongly 
indicative of terrigenous organic matter. This 
subunit is characterized by a very high carbonate content 
considered to be d6trital in origin (Dale, ' 1979). The high 
carbonate content of subunit 2b distinguishes it from the 
carbonate poor. till. Transport of detrital carbonate and 
l o calized deposition of terrigenous material could have 
res~lted from _lee rafting . 
A phytoplankton signature dominates the sediments of 
subunit 2a of core SB3. At core s!tes EX6, ND2, G82 and 
HB2 subunit 2a has 6 1 ~N values which are similar to those 
of subunit 2a of core SB3 but 6 13 C are greater and range 
between -21.3 and -23.2°/oo (Figures 25, 34, 37, 40 and 
- l 
56). The enr~chments in 13 C reflect a greater contribution 
of macroalgae at these inshore stations. Yithin subunit 2a 
of core HB2 C/N ·values greater ~an 10 could result from a 
contribution of terrestrial organic matter (Fig. 39). 
An age of 10,000 yrs BP has been estimated for the 
base of unit 1, which has be~n suggested to represent 
sedimentation after complete degl~ciation of Newfoundland 
(MacPh e rson, 1988). Aside from evidence of a terreat~ i al 
( 
1 
· ·; 
I 
input observed in the 6 13 C and C/N of the upper lOcm of 
core WBl, unit ; is dominated by marine organic matter 
(Figures 28 . and 30). Th~ majority of 6 15 N values and C/N 
, 
values for unit 1 of alt cores are typical of a mixture of 
phytoplankton and macroalgae organic matter. A greater 
contribution of macroalgae relative to phytoplankto~ in 
most samples of unit 1 is suggested by 6 13 C values which 
are enriched rel"ative the phytoplankton endmember (Fig . 
\ 49). This macroalgae pi\edominance is most evident at NSl . 
\ 
Conclusions 
Isotopic tracers in combination with elemental 
analyses are useful in distinguishing among three sources 
of organic matter, terrestrial, ~acroalgae and 
phytoplankton, which influenced the waters and sediments 
off northern Newfoundland, Seston from most locations is 
primarily composed of phytoplankton. ~ In May, Trinity, 
Exploits and Bonavista Bays show a terrestrial input in 
surface seston samples. The majority of surficial 
sediments reflect a mixture of phytoplankton and macroalgae 
detritus. A terrestrial influence is reflect~d only in 
surficial sediments of Exploits Bay. 
The geochemistry of seston and DIC fr~m the lower 
water coLumn is related to sources, degradation and 
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sediment resuspension. It is possible that these processes 
act independently to affect the isotopic and·elemental 
composition of ( lower seston~ Diagenesi~ is observed to 
alter isotopic abundances in water column suspended POK. 
However, in only one core are sediments affected by this 
process . Consequently, in other cores the isotopic 
signatures. are considered to ind~cate organic matter 
.- . 
sourc,j!s . 
Through geochemical ch~racterization of sediment cores 
the retreat of the _ W.isconslnan ice sheet is documented and 
correlated among cores. ,Isotopic and ele~ental parameters 
show a decrease in the tri'fluence of .terrestrial organic 
' • I 
matter within glacial till and an increased marine 
influeqce up core. ' Within ~arlne sediments a variation in 
I 
the dominance of phytoplankton and macroalgae is observed . 
\ 
Geoc~emical . data provide ~method•for assessing the 
'. 
origins of s~diments. This is particularly ~seful in the 
absence of microfossil assemblsges~ New developments in 
66 
isotope science which invol!e the isolation and analysis of 
compounds may assist in a more accurate evaluation of 
diagenesis and origins of organic matter. 
\ 
-
.. 
I> i.lo __ 
, 
Table 1. Carbon and nitrogen isotopic compoaiti,ons of 
dominant organic matter sources (endmembers) to 
marine sediments. 
---~-------------------------------------------------------
Terrestrial 
stsN &l3c 
( 0 foo) ( 0 /oo) 
Marin& 
Phytop 1 ankton 
.st'N 613c 
Macroalgae 
_61 5 N 61 3 C 
Location and Reference 
( 0 /oo)( 0 /oo) ( 0 joo) ( 0 /oo) 
----------.-------------------------------------------------
2 -25 6 -21 
4 -25 9 -22 
' / 
1 . 8 
-26.5 6. 3 -20.3 
3.1 
- 2 5. 2 
0 - 24.8 6 . 2 
-21.2 
7.5 -21.0 
-0.9 
-19.4 
2 -26 10 -21 
2 . 5 -24. 10 
-22 
I 
8 
7 
6.8 
-22 
-21 
Gulf of Maine: 
Mayer et al. , 1988 
Baffin Island, 
Canadian A-rctic : 
Macko et al. , 1987b 
. 
Otsuchi River 
Watershed, Japan: 
Wada et al~, 1987a 
-21.0 Canadian Arctic 
Archipelego: 
Pereira and Macko, 
1986 
U .. S. east coast: 
Macko et al., 1984 
Northwest Gulf of 
Mexico : Macko 
et al., 1984 
Southeast Gulf of 
Mexico: Macko 
et al., 1984 
Northeast, Pacific 
Ocean: Peters 
e t al. , ·1978 
Southern California 
Coast: Sween e y 
et al. , 1980 and 
Sweeney and Kaplan , 
l980a 
-----------------------------------------------------------* These v a 1 u e s are a c har a c t e r i z a t ion ·o f terre s t r 1 a 1 · 
sewage . 
., 
.. 
) 
.. ~ ., 
. ''9 "', 
Table 2 . Time and subsurface depth of al iquots used in 
settling column determination of silt and clay 
abundances (adapted from Folk. 19.80). 
-----~----Ti;;-------------------s~bs~rr&~~-depth-(~m> __ _ 
---------------·---------------- -------------------------
20 sec. 
2 min. 
4 min. 
8 min; 
15 min . 
30 min. 
2 hr. 
8 hr. 
20 
20 
20 
20 
20 
10 
10 
10 
-~----;---------------------------.---.-.---------~-----------
' 
Table 3 . Isotopic and elemental analysis of potential 
contributers of organic matter to the water 
column and sediments of northern Nevfoun~land . 
----------------------------------------------------------
Sample* 
----------------------------------------------------------
Fucus vesiculosis leaf 
Ascopbyllum nodosum leaf 
Saccorhiza dermatodea 1 
Saccorhiza dermatodea 2 
Laminaria di&itada leaf 
Lamina~ia di&itada stem 
Laminaria solid¥n&ula 1 
Laminlt'rla solidungula 2 
Laminaria solidun&ula 3 
Zo.stera marina leaf 
Zostera detritus 
Plankton tow Exploit-s Bay 
Plankton tow White Bay 
Brook sediment (Big Brook NF) 
' 5. 6 
4.5 
' 6. 5 
6.9 
7 . 3 
7 . 7 
5 . 0 
4.9 
3 . 9 
4 . 8 
4 . 6 
9.9 
9.2 
3 . 9 
-13 . 0 
-13 . 9. 
-16 . 2 
-17.6 
-13.8 
-17 . 4 
-21 . 0 
-~0. 4 
-19.6 
-9.3 
-9 . 9 
-21 . 5 
-21.5 
-27.1 
27;79 
• * 
26.70 
24.54 
18 . 67 
. 7 . 78 
1 .0. OS 
8 . 74 
' 8 . 72 
17.36 
24.04 
3.87 
5.16 
12.22 
----------------------------------£-~---------------------
* Unless other wise specified the entire plant vas 
analyzed . The Fucus and Asc~phyllum plants were 
collected offshore ,in Bay :of Isles in 5/87. as were 
the plankton tows. Laminaria solidun~ula , plants were 
collected using SCUBA from Bonne )$ay in 8/87. Other 
a lga e were collected using SCUBA from Logy Bay in 6/87 . 
* • No t determined .. 
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Table 4. Seston data for terrestrial stations collected 
on . 5/29/87 . 
. 
ID Location ,stSN 6 t3c 
( 0 /00) ( 0 /00) 
pgC/1 ~N/1 C/N TSM 
(llg/1) 
. . 
-----------------------------------------------------------
• 
SLl Sandy Lake - 2 5. 2 
-24.8 
-24.4 
0.61 
* 0.39 
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"BB2 
S03 
BA4 
BA4 
ER5 
ERS 
ERS 
IA6 
BI7 
SH8 
Burnt Bert:y ~rook 
South Brook 
Badger Brook 
Badger Brook 
trploits River 
Exploits River 
Exploits River 
Indian Ar11 Brook 
Big Brook 
Shoal Harbour River 
3. 3 
5.6 
4.4 
5.3 
6.1 
2. 3 
1.6 
2.8 
4.0 
5. 3 
6.5 
- 2 5. 2 
-24.2 
- 2 5. 2 
-2 6. 0 
-2 5. 4 
-2 5 . 5 
-2 5. 7 
-24.4 
197 
160 
87 
120 
92 
261 
451 
469 
101 
121 
85 
25 
21 
13 
16 ., . 
21 
30 
39 
41 
13 
17 
13 
9 . 3 
8.6 
7.8 
8.9 
5.1 
10.2 
I3 .4 
13.5 
9.1 
8.4 
7.9 
0.35 
0.50 
0.53 
0.87 
1.00 
0. :h 
o.;'.:l . 
0.14 
' 
--TsM-:-t;t~I-;;;pen<ie<i-;&eter~----------------------------
* Data was lost in hand1i•ng. 
Table 5. Mean and standard deviation data on 6 15 N, cS 13 G 
and C/N of seston samples from surface, middle 
and bottom waters. 
Sample* 
depth 
6 1 ~N( 0 /00) 
mean ± o 
c5t3c(o/oo) 
mean ± a 
C/N 
mean ± u 
----------------------------------------------------------
Surface 7.4 ± 2.0 -24.3 ± 1.5 7.8 ± 3.1 
Middle 7.9 ± 2 . 9 -24.6 ± 1.6 6.7 ± 3.4 
Bottom 9.0 ± 2.4 -24.1 ± 1.3 8.7 ± 5.8 
*-s~r"f&-c;-;;"t;-r;-;;re-e&"k;~-"fr;;-2-:-6;;;:-iiii<i<ii;-;;e;r:&-£r;;ll 
90 - 115m, bottom waters were taken approximately Sm above 
bottom and ranged in depths of 160 · 633m. 
/ 
~ : . ; . 
. :· ;· 
( 
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Tabl_e 6. Iaotopic, elemental and total aus-pende~ matter 
data of · aeston samples for all research surveys. 
--------~--------------------------------------------------
Stn. Depth 615N 6 13 C pgC/1 pgN/1 C/N TSH* Date (m) co joo) co joo) (mg/1) (m/d/yr) 
-----------------------------------------------------~-----
\JBl 3 10.1 - 24.3 42 5 9.1 ** 11/17/86 
\JBl 115 10.1 - 24.9 34 4 9.2 ** 
\JBl 231 10.1 ~ 2 3. 9 63 7 11.2 ** 
\JBl 4 11.1 
- 2 9. 7 29 12 2.8 2.13 5/27/87 
WBl 100 8.1 
- 2 2. 3 41 10 5.0 0.50 
WBl 236 8.8 - 2 3 . 0 76 11 8.1 0.81 
WBl 5 8.8 - 2 5. 6 33 10 3.8 1. 02 . 8/15/87 
WBl 100 3.6 
- 24.3 18 6 3.4 0.10 
WBl 265 10.2 - 24.0 46 10 5.7 1. 36 
WB7 3 8. 5 
- 24.3 46 6 8.7 *t 11/17/86 
WB7 200 *** - 24.0 41 *** 
*** ** WB7 390 10.0 
- 2 3. 3 58 11 6.3 ** 
\JB6 5 9.2 
- 21.7 95 13 8 . 3 0.33 5/27/87 
WB6 100 *** - 21.0 60 12 5.9 0.43 
WB6 418 6.5 
- 21.5 112 13 10.3 1. 57 
\JB6 5 7.3 - 24.4 42 9 5.8 0.24 8/15/87 WB6 100 10.5 
- 24.6 28 8 4.3 0.09 
WB6 420 11.2 - 2 3. 0 41 9 5.4 0.69 
SB4 3 7.9 - 2 3. 3 42 6 8 . 7 ** 11/17/86 
SB4 . 149 11.2 
- 2 3. 4 84 11 8.8 ** 
SB4 302 9.8 
- 24.1 97 8 14.5 ** 
SB2 6 8.5 - 2 5.1 53 10 6.0 0.18 5/26/87 SB2 96 7.4 
- 24.2 48 11 5 . 1 0.50 
SB2 277 9.1 - 24.9 60 10 7.2 0.87 
SB2 5 9.0 - 2 6. 3 38 10 4. 3 1. 56 
' 8/15/87 SB2 100 2.6 - 24.6 18 6 3.4 0.74 
SB2 286 8.5 -2 5. 3 25 8 3.7 1. 36 
GBl 3 9.0 -24 . 2 38 6 7.4 ** 11/18/86 GB1 100 10.3 
-2 3 . 9 38 5 8.4 ** GBl 181 11 . 3 - 24.4 46 7 8.1 ** 
/ 
' ---------------------·-----~---....;___________________________ 
* TSH .- Total suspended matter. ; *** Data lost in handling 
*' Data was not colledted ' · 
\ 
Table 6. Continued \.. 
-----------------------------------------------------------
Stn . Depth 6 15 N 6 13 C ~gC/1 ~gN/1 C/N 
(m) · ( 0 /oo) ( 0 /oo) TSK Date (mg/1) (m/d/yr) 
------------------------------------------------------------
·GB3 
GB3 
GB3 
5 8.7 
100 11.1 
245 8. 0 
HB1 
HB1 
HBl 
2' 8.2 
90 11.8 
169 13.8 
HB3 
HB3 
HB3 
4 . 6.8 
99 5. 8 
310 8.1 
ND2 2 
ND2 181 
ND2~ 361 
ND2b 361 
ND2 5 
ND2 100 
ND2 214 
ND2 5 
ND2 100 
ND2 366 
EX6 4 
EX6 301 
EX6 589 
EX6 5 
EX6 100 
·EX6 620 
EX6 5 
EX6 100 
· ·EX6 633 
5.0 
6.7 
7.8 
7.0 
6. 1 
7. 3 
13.1 
7.4 
1.5 
9.2 
3. 8 
4.5 
5.4 
5. 7 
9.3 
9.3 
7. 2 
10.6 
11.9 
-24.5 
-26.9 
-25.4 
-23.8 
·24.4 
-23.7 
-22.5 
-25.2 
-25.7 
-23.3 
-24 . 9 
·23 . 0 
-22.7 
-24.1 
-23.2 
-24 . 8 
-27.7 
-25.3 
• 2 7. 8 
-23.6 
-24.1 
*** 
-23.3 
-23.9 
-24.0 
-23.5 
-24.0 
-24.9 
EX4 5 
EX4 102 
EX4 488 
6.3 ·23.5 
2.4 -23.0 
9 . 4 -24.0 
29 
31 
25 
98 
43 
29 
42 
35 
62 
84 
70 
74 
45 
33 
16 
23 
37 
33 
33 
111 
113 
90 
62 
58 
30 
130· 
114 
91 
11 
8 
12 
5 
4 
5 
12 
10 
9 
5 
4 
7 
9 
10 
11 
12 
9 
7 
9 
10 
5 
8 
14 
15 
10 
13· 
10 
9 
14 
11 
10 
8 . 3 
5.2 
- 5. 5 
6. 5 ' 
7 . 6 
6.1 
9.2 
5 . 3 
3.7 
9.3 
9.3 
10.7 
11.0 
8.1 
7.8 
4.5 
4.3 
2.6 
3.0 
4.2 
7.4 
5.0 
9.2 
9.0 
10.7 
5.7 
6.6 
3.8 
10.8 
11. 7 
11. 1 
0. 24 
0. 53 
2. 64 
** 
** 
** 
o·. 35 
0. 35 
0:74 
** 
** 
** 
** 
0. 64 
0. 57 
0. 67 
0. 22 
0. 83 
1. 28 
** 
** 
** 
0.47 
0. 74 
0. 45 
1. 09 
" 0. 33 
0. 90 
0. 71 
0. 60 
0. 78 
8/14/87 
11/18/86 
5/26/87 
11/18/86 
5/26/87 
8/14/87 
11/19/86 
5/25/87 
8/14/87 
5/25/87' 
-----------------------------------------------------------ND2 a and b are replicate samples. 
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Table 6. Continued. ' l " 
-----------------------------------------------------------
r 
Stn. Depth 615 N .s 13 c JjgC/1 ~gN/1 C/N TSK Date (m) ( 0 /oo) ( 0 /oo) (llg/1) (11/d/yr) 
----------------------------1-'-----:------------------------
EX4 5 8.6 ·24.5 68 13 . •" 6.0 0.84 8/14/87 EX4 100 10.8 -24.6 30 9 3.7 0.58 
EX4 497 9 . 6 -23 . 0 66 10 8.0 0.57 
EX3 5 2.7 ·23 . 2 80 11 8.7 0(74 5/25/87 
EX3 100 10 . 8 
-24.2 80 12 8.0 0.87 
1.5 -23 . 1 117 
. . 
11 12.9 0 . 95 EX3 243 
EX3 5 6 . 9 -23.0 80 13 7 .. 5 0.09 8/13/87 ,, EX3 100 8 . 5 -25.2 34 9 4.4 0.40 
EJ~3 231 11.8 
-22.3 55 10 6.2 0.55 
EX2 5 3.6 -23 . 7 104 10 12.6 1. 62 5/25/87 
EX2 55 16.8 -24 .. 2 68 12 6.9 0.71 
EX2 110 8.5 
-24.5 133 12 13.1 0.75 
EX2 5 7. 0 ·24.8 95 15 7.4 1.10 8/13/87 I EX2 100 9 . 3 -2 3. 7 59 10 7.2 0.55 
EX2 110 10 . 1 ·25.1 46 10 5. 3 1. 95 
,. EX1 6 4.2 
-22.5 148 16 10.6 0.73 5/25/87 EX1 22 4.6 -2 2. 7 146 15 11.7 0.78 
EX1 45 4.7 ·23.0 162 16 11.6 •. 20 
BB1 5 6.8 ·24.2 100 11 10.2 0.40 5/24/87 
BB1 100 5. 0 ·23.6 139 12 13.5 1. 26 
BBl 294 1.4 ·23.4 239 14 19.5 1. 21 
. 
NS1 4 9 .3 ·23.7 104 12 9. 7 
** 11/21/86 NS1 100 10.4 -23.6 33 5 7.9 
** NS1 255 9.5 ·24.4 15 6 3.0 
** 
TB6 5 6.1 . 2'5 . 6 174 14 15.0 0.80 5/23/87 
"TB6 100 5 . 1 ·24.9 120 8 16.8 0.75 
TB6 322 6.5 ·25.0 3.14 13 27.4 2.15 
TB6 . 5 8.8 ·24.7 37 10 4.4 1.16 8/12/87 
TB6 100 9.8 
-25.3 52 10 6.0 1.46 
TB6 321 9 . 4 ·27 . 3 30 11 3.0 1. ~ 8 
------------------~-------------------------------------~--
" 
( 
J' 
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Table 6 . Continued. 
-------------------------------------------··----------------
Stn. Depth 61 s N .sl3c pgC/1 ~gN/1 C/N TSM Date (m) ( 0 /oo) ( 0 /oo) (mg/1) (m/d/yr) 
-----------------------------------------------------------
TBS 5 6.4 
-23.5 176 12 17.0 0. 50 5/23/87 TB5 100 5.4 
-25.J.. 101 10 11.5 0 .6 5 
TB5 570 4.6 -23.6 234 11 24.8 1. 27 
TB5 5 8 . 4 . 
-25.7 31 9 3.9 1. 93 . 8/12/87 
TBS 100 8.2 
-30.0 14 9 1.8 0.78 
TB5 578 9.9 
-23.2 58 11 6 . 3 0.55 
RS1 , 5 9 . 7 
-23 . 6 43 9 5. 5 0 . 20 8/12/87 RSl 100 8.4 
- 2 5. 6 38 10 4 . 6 0.07 
RSl 160 9 . 3 -25.2 32 9 4 . 0 
** 
CB3 100 8.8 -27.7 18 9 2.4 1.65 8/18/87 C.83 254 8.6 
-24.3 111 12 10.5 5.25 
-------------------------------------------------------T---
Table 7. Mean and standard deviation data on 
concentrations df total suspended matter, organic 
carbon and nitrogen of seaton samples from ' 
surface, middle and bottom waters. 
---------------------------------------------------------
Sample 
depth 
.,ugN/1 
mean ± o 
,ugC/1 
mean ± a 
TSK(mg/1)* 
mean ± a 
----------------------------------------------------------
Surface 72 ± 41 0.77 ± 0.55 
Middle 9 ± 3 53 ± 34 0.64 ± 0.38 
Bottom 10 ± 2 77 ± 66 1.27 ± 1.02 
---------------------------------------------------------- ' * TSM- total suspended matter. 
Table 8. Mean and standard deviation data on o 13 C and 
concentration of DIC. 
----------------------------------------------------------
Sample* 
depth 
cS 13 C( 0 /oo) 
mean ± " 
Cone. (mK/kg) 
mean' ± a 
------~---------------------------------------------------
Surface 
-3.1 ± 1.7 1.50 ± 0.38 
Middle 
-4.4 ± 2.3 1.70±0.25 
Bottom 
-6.1 ± .1.8 1. 6 8 ± 0. 34 
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Table 9. Mean and standard deviation data on &1 5 N, &llC, 
%N, tC and C/N of grab samples. 
--------------------------------------------------------
Sample 6 15 N &1 ic iN 
depth mean ± a mean ± a mean ± o 
(em) ( 0 /oo) ( 0 /oo) 
%C 
mean ± o 
C/N 
mean ± u. 
----------------------------------------------------------
0 7.6 ± 1 . 1 - 21.8 ± 1.1 0.66 ± 0.34 3.67 ± 2 . 06 6 . 7 ± 2.9 
3 7.6 ± 0.9 -21.4 ± 0.7 0.66 ± 0.34 3.60 ± 1.80 6.7 ± 2 . 1 
----------------------------------------------------------
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Table 10. Isotopic and elemental data on grab samples. 
----------------------------------------------------------
Station* 6 15 N 
( 0 /oo) 
\C 'N C/N Date 
(a/d/yr) 
----------------------------------------------------------
EX1S** 
EX1B 
~X1S 
EX1B 
EX2S 
EX2B 
EX2S 
EX2B 
EX3S 
EX3B 
EX4S 
EX4B 
EX6S 
EX6B 
ND2S 
ND2B 
HB1S 
HB1B 
HB3S 
HB3B 
HB5S 
HB5B 
CB1S 
GB1B 
GB4S 
CB4B 
5.4 
5.6 
5.1 
6.7 
5. 8 
7.0 
6.4 
6.1 
6.7 
7 . 0 
8.0 
7.5 
8.4 
8 . 5 
7. 1 
6.7 
7.0 
6.9 
6.8 
6 ·~ 
1. 1 I 7.y 
/ 
.-ll:! 
9.4 
8.2 
-24.8 
-23.4 
-25.1 
-23.2 
-22.9 
-22.0 
-22.7 
-21. 7 
-22.2 
-21.6 
-21.8 
-21.4 
-21.0 
-20.5 
-20.9 
-20.9 
-22 . 0 
-21. 7 
-20.9 
-20.8 
-21. 2 
-21.2 
-21.4 
-21.4 
-21. 1 
-21.0 
7.18 
4. 32 
5.69 
5.65 
6.61 
6. 7 3 
6.77 
4.91 
4.41 
4. 31 
7.38 
7.17 
5.08 
4.49 
0.61 
0.63 
0.43 
0.79 
1.00 
0.95 
1. 40 
0.90 
0 . 4I. 
LOS 
. 1. 22 
1. 46 
0.89 
0.75 
1.02 I 0.23 
1.15 0.23 
2.13 0.59 
1.86 0.17 
4 . 84 0.93 
3.69 0.67 
2.74 0.83 
2.93 0.77 
3.26 0 . 57 
4.40 0.81 
3.11 0.75 
3.44 0.65 
13.8 
8.0 
15.4 
8.3 
7.7 
8.3 
5.7 
6.4 
•11. 8 
4.8 
7.0 
5.7 
6.7 
6. 9 . 
5.2 
5.8 
4.2 
13.1 
6.1 
6.4 
3.9 
4.5 
6.7 
6.4 
4.8 
6.1 
9/6/86 
5/25/87 
5/25/87 
. 8/13/8 7 
5/25/87 
8/14/87 
8/14/87 
8/14/87 
5/26/87 
5/26/87 
5/26/87 
8/14/87 
8/14/87 
----------------------------------------------------------* Station abreviations are the same as Are in appendix 1. 
** S - surficial sediment, B- sediment at a depth of )em. 
.. ' 
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Table 10. Continued. 
----------------------------------------------------------
Station* 6 15 N 613c \C 
'N C/N Date 
( 0 /oo) ( 0 /oo) ( m/d/yr) 
----------------------------------------------------------
YBlS _~ .7. 4 
-22 . 3 '3.9.2 0.93 4.9 8/15/87 YBlB 8 . 3 
-22 . 0 4 . 12 0.42 ll. 5 
YB8S 8. 7 
-21 . 0 3.07 0.54 6. 7 8/15/87 
YB8B 8 . 0 
-20.9 2.09 0.39 6 . 3 
CBlS 8.0 
-21. 5 3 . 28 0 . 60 6 . 4 8/18/87 CBlB 9 . 1 
-21.3 3.44 0 . 69 5.8 
CB2S 7 . 8 
-21.2 3.15 0 . 96 3.8 8/18/87 CB2B 8 . 4 
-21. 0 3.55 0.56 7. 4 
CB3S 8.7 
- 21. 2 4.07 0. 69 6 .. 9 8/18/87 CB3B 8 . 1 
-21. 2 3.08 0 . 71 5. 1 
CB4S 8.3 
-21.4 1. 64 0. 28 6 . 9 8 / 1 7 / 8 7 CB4B 7.3 
-21.2 1. 80 o .. 49 4.3 
CB5S 9 . 0 
-21. 1 0.78 0.19 4.9 8/17/87 CBSB 7.7 
-21. 1 0.65 0 . 16 4.8 
' RS5S 7.6 -21. 5 3.49 0 . 9 6 4 . 3 8 / 12/87 RS5B 8.0 
-21. 2 5.62 1 . 21 5 . 4 
OFlS 8.6 
- 21.0 0 . 43 0 . 10 4.9 8 /15 / 87 .. 
OFlB 9 . 0 
-21.0 0 . 19 0 . 0 4 5.8 
OF2S 7.8 
-21 . 1 0.44 0.08 6.1 B/15/&7 
----------------------------------- ---------------- -------
... 
•  
Table 11. Newman S~und piston core data: samples 
remove~ 3 weeks after collection in 
comparison to ~••plea maintained at room 
temperature for 1 1/2 years. 
------------------------------------------------------
Sample 
set* 
Depth 
(em) 
\C \N C/N 
------------------------------------------------------
NSl 
'NSl 
NSl 
NSl 
NSl 
NSl 
NSl 
NSl 
NSl 
NSl 
NSD 
NSD 
NSD 
NSD 
NSD 
NSD 
NSD 
NSD 
NSD 
0 
10 
30 
40 
50 
60 
70 
80 
90 
100 
5 
15· 
25 
35 
45 
55 
65 
75 
85 
95 
7. 5 
7. 8 
7 . 8 
7. 8 
7. 6 
7. 6 
7. 8 
7. 2 
7. 2 
7. 2 
7. 5 
6.8 
7.4 
7. 3 
7.5 
7. 3 
7.9 
7. 6 
7. 8 
8.3 
-?.0.8 
. -20. 7 
-20.6 
-20.3 
-20.4 
-20.7 
-20. 6, 
-20.6 
-20.6 
-20.6 
-20.5 
-20.2 
-20.2 
-20.0 
-20.2 
-20.3 
-20.3 
-20.5 
-20.7 
-20 . 6 
5.79 
4.40 
4.84 
3.50 
4.39 
3.24 
4.00 
2 . 78 
2. 71 
2.11 
5.58 
5.62 
6.97 
,_64 
3.87 
3.49 
3.74 
2.86 
2.94 
2 . 48 
1. 01 
1. 03 
0.72 
0.63 
0.62 
0.62 
0.62 ' 
0.47 
0.32 
0.2:' 
1. 43 
1.19 
0.75 
0.66 
0.38 
0.41 
0.37 
0.33 ~ 
0.28 
0.28 
-~ 6 ~ 7 
5.0 
7.8 
6.5 
8.3 
6.2 
7.6 
6.9 
9.8 
9.1 
4.5 
5. 5 
10.9 
6.5 
12.0 
10 . 0 
11.9 
10.2 
12.5 
10.4 
------------------------------------------------------
* NSl samples were taken from the core 3 weeks after 
collection. NSD samples were taken 1 1/2 years 
after collection. 
., 
Table 12 . Nevaan Sound piston core data: mean and 
~ standard deviations on data from samples taken 3 
weeks and 1 1/2 years ofter core collection . . 
. . 
-----------------------------------------------------------
Sample 6 15 N 6 13 c 
set mean ± o mean ± u 
( 0 /oo) ( 0 /oo) 
•c 
mean ± o 
%N 
mean ± o 
C/N 
mean ± 0 
-----------------------------------------------------------
~Sl 7.4 ± 0 . 3 -20 . 6 ± 0.1 3.78 ± 1.12 0.63 ± 0.25 7 . 3 ± 1 . 4 
NSD 7.5 ± 0 . 4 -20.4 ± 0.2 ~.12 ± 1.45 0 . 61 ± 0.41 9. 4 ± 2.9 
---------------~--------------------------------------------
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Table 13. Surfa~e water aeato~ data for all research 
o - cruises. 
, 
-----------------------------------------------------------
Stn. Depth G15 N 613 C mgC/1 mgN/1 C)N 
(m) ( 0 joo) ( 0 joo) 
TSH Date 
.(mg/1) (m/d/yr) 
.... 
-------------------------~-------------------~~----------~-
WB1 
WB1 
WlH 
WB7 
WB6 
WB6 
SB4 
SB2 
SB2 
GBl 
GB3 
HB1 
HB3 
ND2 
ND2 
ND2 
EX6 
EX6 
EX6 
EX4 
EX4 
EX3 
EX3 
£X2 
EX2 
EX1 
BB1 
NS1 
3 
4 
5 
10.1 
11.7' 
8.8 
-24.3 0.042 
-29 . 7 0·.029 
•25,6 1 0,033 ' 
0.005 > 9.1 
o. <H2 2 . . 8 
o.-p1o 3.8 
* 2.125 
1.022 
3 
5 " 
5' 
8 . 5 -24.3 0.046. 0.006 
9 . 2 -21 . 7 0.095 0.013 
7.3 -24.4 . 0'.042 0.009 
8 . 7 * 
8.3 0.325 
5.8 0.240 
3 
6 
5 
. 7. 9 
8.5 
9.0 
-23 . 3 
-25.1 
-2 6. 3 
3 
5 
9.0 -24.2 
8.7 -24.5 
2 
4 
8.2 -23.8 
6.8 -22.5 
~ 
5 
5 
5.0 
6.1 
7.4 
._4 ,3. 8 
5 5.7 
5 7.2 
5 • 6. 3 
5 8 . 6 
-23 . 3 
-24.1 
-27.7 
-2 }.d6 
-23.3 
-2 3. 5 
-23.5 
-24.5 
0 . 042 
0 . 053 
0.038 
0.006 
0.010 
0.010 
o.o3a 1io.oo6 
0.076 0.011 
o.o29 o·. oos 
0.098 0.012 
0.042 
0.070 
0.033 
0.037 
0 . 111 
0 . 062 
0.130 
0 . 068 
. 
0.005 
0.010 
0.009 
0.010 
0.014 
0. 013 
0.014 
0.013 
8.7 
6.0 
4.3 
7.4 
8.3 
6.5 
9.2 
9. 3 
8.1 
4.3 
4.2 
9.2 
5.7 
10.8 
6.0 
* 0.179 
1. 556 
* 0.244 
* 0.350 
'* 0.643 
0.220 
* 0.474 
1. 089 
0. 711 
0.844 
5 
5 
2.7 -23.2 0 . 080 0.011 
6.9 -23.0 0.080 O.Ol3 
8.7 0.737 
7.5 0.088 
5 
5 
6 
5 
3. 6 
7 . . 0 
4.2 
6.8 
- 2 3. 7 
-24 . B 
-22 . 5 
-24.2 
0.104 
0 . 095 
0 . 148 
0.100 
0 ·r.-0.10 12 .. . 6 . 5 7 4 
. .. 
0.0 6 \0 . 6 
\ 0 . 0'11 10 .. 2 
·, 
1.622 
1.100 
0.730 
0.395 
11/17/86 
5/27/87 
8/15/87 
11/17/86 
'5/27 /87 
8/15/87 
11/17/86 
5/26/87 
8/1'5/87 
11'/18/86 
8/14/87 
11/18/86 
5/26/87 
' 11/18/86 
5/26/87 
8/14/87 
11/19/86 
5/25/87 
8/14/ 87 ' 
5;25/87 
8/14/87 
5/25/87 
8/13/87 
5/25/87 
8/13/87 
5/25/87 
5/24/87 
* 11/21/86 )- ' 9.3 - 23.7 0 . 104 0.012 
4 9. 7 
• 
~ . . 
. .... 
' 
- ....... .. . 
·-...._ 
• 
... 
---- --·-
~ 
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-------------~-----------------..1.------------------------:-----. 
TB6 5 .. 6 . 1 . 25. 6 0.174 10.014 15 .· 0 . 0. 800 5/23/87 
TB6 5 8 . 8 . 24. 7 0.037 0 . 010 4.4 1.156 .8/12/87 
- ...... ~, 
TBS 5 6.4 -2 3. 5 0.176 0 ',012 17.0 0. 500 5f23/87 
TBS 5 • ,8 . 4 -2 5. 7 0.03 i 0.009 3. 9 .. 1. 933 8/12/87 
RSl 5 9. 7 -2 3. 6 0.043 0.009 5 . 5 0 . .200 8/12/87 
Table 14. lsot.opic composition and C/N of endmembers and 
surficial grab sediment~of northern· Newfoundland. 
Endrilember or 
grab, 
C/N Description 
i;~!~~~;;~~:----:~~---==~~;:~~;:;:;:~::-:~:: 
a terrestrial or 
macroalgae i~fluence . 
Terrestrial 
Macroa 1 gae 
Endmemb e r ' 
Average of 
Surficial 
Sediments 
f ·rom grabs 
2.2 
to 
5.1 
4 . 6 
7.6 
• 2 5 . 5 
to 
-24.9 
·20.3 
- 21. 8 
. ' 
' 
12 . 3 
to 
8 . 1 
The two values in each 
set are; the average 
for the Exploits 
River and the average 
of terrestrial 
seston excluding 
Exploits · Rt>ver 
h solldun&ula 
6. 7 Average -of samples 
~\ from all marine ' 
sta'tions 
~ · 
_/ 
Figure 1. Carbon and 'nitrogen isotopic composition 
of organic matter · sources contributing to marine 
sediments from various locations . 
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Figure 2. Cycling of particulate organic carbori in the 
s~a and asso~i,~ed tsotoplc effe~is. 
DOM: dissolve·d organie · matter _S · 
POMslnk: sinking particular organic matter 
1: dissolution, Aegradation 
2:. oxidative degradation · 
3: aggregation 
4: dissolution 
·5: resuspen~ion 
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Figurd 3. Cy~ling of particulate organi~ nitr~~en in the 
se~ and associated isotbpic effects. 
POMsink : ~ink~ng ~articu~Ar organic ma~ter 
1: nit~ogen fixation 
2: amm~nium assimilation, rate limiting 
3 : _ammonium ass;mtlation, non rate limiting 
4: nitrate assimi-lation, n6n-· rate li-miting_ 
5: denitr,fication 
6 : advection 
7: nitrate assimilation , rate limiting 
8: nitrification 
9: ammonium assimilation, rate limiting 
10: oxidative degredation 
11 : c ontribution of zooplankton detritus 
--- l-2 -: contributi·on · of fecal matter 
13: disaggregation 
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Figure 4, · Loca·tions of sediment cores in White Bay :nd 
the Notre. Dame Bay system. 
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Figure 5 . Locations of,sediment cores in Bonavlsta Bay . I 
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Figure 6~ The island of Newfoundland and lo~ations of 
seston samples from fresh~ater. 
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Figure 8. Location of ses~on samples from Bonavista, 
Trinity, and Conception Bays. 
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Figure 9. Location of surficial sediment (grab) samples 
' in White Bay and near the. Gray Islands. 
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Figure 10 . Location of surficial sediment s a mpl e s in t h e 
Notre Da me Bay system. 
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Figure 11. Location of surficial sediment samples in 
Random Sound and Conc e ption Bay. 
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• Figure 12. Catbon and nitrogen isotopic and elemental 
data on 15 samples taken from different locations on 
the ~arne Lamlnaria solidun&ula alia ~ 
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Figure 13. 
seston 
middle 
• •• 
Nitrogen isotopic c~mposition of selected 
stations that showe~- depletions in 15 N in 
w~ters with respect to surface and bottom 
water samples . 
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~Ftgure 14. Nitrogen isotopic composition of elected 
stations where the 6 1 ~N of bottom water seston was 
intermediat:.e between the 61 5 N of middle water and 
sediment. 
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Figure 15. Nitro~en isotopit: composition of selected 
seston stations which showed increasing 6 15 N values 
with in;:~lng"-'depth in the water column. 
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Figure ,16 . Carbon isotopic composition of selected 
stations wher e t h e 613 C of bottom water seston was 
intermediate between the 613 C of middle water and 
sediment v a lu es . 
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Figure 17. Carbon isotopic composition of dissolved 
inorganic carbon (DIC) samples with respect to depth 
in the water column (locations of stations given in 
Appendix 1) . 
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Figure 18 .• Concentration of DIC samples with respect to 
depth in the water column. 
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Figure 19. Frequency of 6 15 N occurrences for surface 
water seston and surficial sediment samples. 
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Figure 20. Fiequency of 6 13 C occurrence~ for surface · 
water seiton and surficial- sediment samples. 
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Figure 21. Nearshore to offshore transects showing the 
.f13 N of surficial sediments from Exploits and 
Conception Bays . 
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Figure 22 . Nearshore to offshore transects showing the 
c5 13 C of surficial sediments from Exploits and 
Conception Bays. 
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Figure 23. Sediment descriptions and average isotopic 
compositions of the units, subunits and zones in 
core SB3 . 
D.-pth Unit D.,." c r 1 p t l o n ave~r•a• 
( c•) 
0 
1 
ss 
Dark olive gray wlth black 
mottling 
low carl>onate 
.. 
'"N &llC 
( 0 /oo) (•/oo) 
7.7 -2 2. 6 
------------------------------------------------.-----
• 2a 
Olive aray, all&htly 
mottled black 
moderate carbonate .content 
7. 4 -24 . 1 
163 _____________________________________________________ _ 
2b Grayish brown mud 6 . l -24.9 
177 _________ ::::_~~~~-::~:::::_::::::: _________________ _ 
2c·l Olive gray, slightly mottled 6.Q 
black 
modera~e carbonate content 
. 2 3. 7 
195 ___ ____ _____________________________________________ _ _ 
2c·2· Reddish gray 7.2 -22 . 2 
~ - 1 moderate carbonate · content 
256_~~----------~--------------------------~-----------
• Olive gray to brownish gray 7 . 9 -2 2. 2 
2c·3 IIUd 
moderate carbonate content 
325 
-----------~-----------------------------------------
2c-4 Similar to 2c-3 6.4 . 2 3. 1 
395 
3 
Reddish gray mud with olive 4 . 6 
gray diatom rich laminations 
-24.2 
1ow carbonate content 443 _______ ___________ ______________ _____ _ _______________ _ 
4 Firm l1'5ht re-d mud 4.7 -23 . 6 
low carbonate content 
50 5 ------------------------·------~-l------------~-------
5 
526 
Poorly sorted, red and sandy 4.3 
mud 
low carbonate content 
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Appendix 1 . Latitud~ (lat.) and 16"ngitude (long.) 
coordinates of sampling stations, type of sample collect e d 
and xesearch cruise of sample collection . 
----------------~·::. ___________________________ __________ _ 
Station lat. (N) 1,hng . (W) Core DIC Grab .. · POM* · 
086 D86 887 D87 T86 B87 D87 
,, 
----------------------------------------------------------
205 
WBl 
WB6 
WB7 
WB8 
Gil 
Gl2 
SB2 
SB3 
·SB4 
ND2 
GBl 
GB2 
GB3 
GB4 
HBl 
Hl\2 
HB3 
HB4 
HBS 
EX 1 
EX2 
EX 3 
rX I, 
49 35.~ 
50 02.2 
50 02.8 
50 09.5 , 
so 33 . 0 
50 1 .. 4 . 9 
5o n .4 
50 16.0 
50 14.7 
49 47.5 
56 48.1 X X X X X • 
E.X6 
881 
NSl 
TBS 
rB6 
RSS 
RS6 
C81 
d2 
CB3 
CBA 
CBS 
, 49 37 . 3 
49 38 . 6 
1~9 40 . 7 
49 43.6 
49 2 6. 9 
49 2A.B 
49 30.5 
49 33.6 
49 38.4 
49 09 . 9 
49 13.7 
49 17,. 7 ' 
49 22.2 
4 9 30.6 
48 45.1 
48 }6.0 
"8 . 0 3. 1 
48 ~.2 48 .5 
4 8.. . 2 
4 7 30. 7 
47 36.7 
47 41.8 
47 48.3 
47 53.2 
56 29 . 7 
56 31 . 1 X 
56 19 . 7 
52 27 . 4 · 
55 10.5 
55 32 . :8 
55 27.0 X 
55 17.9 
55 11. 7•o X 
56 09.0 ' 
56 0£?.5 X 
56 03 . 2 
55 .57. 1 
56 05.1 
56 02.6 X 
56 00.3 
55 52 .0 
55 44.4 
55 18 . 8 
55 15.8 
55 12.4 
55 10.3 
55 07.4 X 
53 21.6 , X 
53 47.8 X 
53 21.1 
53 10.8 
53 55.0 
53 50 . 0 
55 07.4 
53 07.1 
53 03.8 
52 56 . 8 
52 44 .. 3 
X 
X 
X 
X 
X 
X 
X 
. ( 
X 
X 
X 
X 
·. X 
X 
'X 
X X X 
X X 
X 
X X , . 
X 
X 
X 
X X X 1:· 
X X X 
X X 
•X X 
·X X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
; -os6-:-o;wson-A~i~-2a-:-s;pt~-io~-I9a6;-rs6-:-r;;pi;;;~-- · 
Nov. 15 - 22, 1986; 887- Baffin May 22- 30, 1987; 087 
• Da wson Aug 10 , - 15, 1987 . 
r - · 
• 
. ' 
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Appendix 2. Oxygen and dissolved inorganic. carbon data for 
the Dawson 1986 crul$e, 
----------------------------------------------------------
Sta . * depth 5 13 C DIC 
(m) ( 0 /oo) 
cone. 0 2 0 2 sat. aal. temp. date 
(mH/kg)(ml/1) (\) ( 0 /oo) ( 0 C) (.m/d/yr) 
----------------------------------------------------------
WBl 
WB7 
" 
ND2 
SB4 
GB1 
HB3 
EX6 
EX1 
NSl 
10 
100 
237 
10 
80 
400 
1 
40 
131 
356 
14 
82 
300 
2 
59 
207 
2 
22 
46 
189 
1 
60 
626 
6 
44 
2 
31 
221 
- 1.9 
0.0 
- 5. 6 
- 3 . 7 
-1.4 
-4 . 7 
- l. 3 
- 2 . 3 
** 
- 3. 5 
- 3. 7 
- 6 . 9 
** 
- 0. 7 
-5.7 
-6. 9 
-4.6 
- - 5 . 1 
-5 . 7 
-8 . 5 
- 3 . 0 
- 6 . 5 
- 7. 4 
- 5. 7 
-. 5 . 6 
*** 
*** 
*** 
0 . 944 
1.012 
2.089 
1 . 9 7 5 
1 . 932 
1 . 475 
1. 9 7 5 
1 . 787 
** 
1. 88 2 
1 . 523 
1 . 714 
1 . 6 3 7 
0 . 879 
1.844 
1. 021 
1. 511 
1. 744 
1. 801 
2 . 000 
6.6 
7.6 
7.0 
6.6 
7.8 
6 . 5 
6 . 6 
7. 4 
7. 4 
6 . 1 
6 . 6 
7 . 3 
6.5 
6 . 4 
7 . 5 
6 ."8 
. 6. 8 
7.3 
i.3 
6 . 3 
• 1.621 6 . 6 
1 . 6 57 7.7 
1 . 6 51! "6 . 8 
1. 307 
1 . 719 
* ** 
*** 
*** 
6.9 
6.6 
6.3 
6 . 6 
6 . 3 
102 
103 
91 
103 
106 
80 
103 
102 
87 
7 9 
101 
86 
81 
101 
98 
83 
106 
112 
111 
75 
102 
102 
80 
30.6 
31.6 
3 3 . 2 
3~ . 1 
31.9 
3 3. 9 
30 . 7 
31.2 
3 2. 9 
34 . 5 
31. 3 
32.9 
3 3. 9 
3 0. 8 
30 . 8 
33.1 
3 0. 8 
31. 2 
3 2 . 8 
3 3 . 6 
30 .6 
31. 9 
3 3 . 3 
10 . 2 
4.0 
-1.0 
10 . 0 
4 . 0 
0 . 0 
10 . 6 
4 . 8 
-1.4 
2 . 2 
9 . 7 
- 1 . 4 
0.3 
11 . 0 
3.0 
0.5 
10.3 
9.8 
9 . 1 
· 0 . 8 
10 . 8 
3 . 0 
-1. 6 
1 0 8 2 5.0 11 .9 
86 3 1.5 2 . 5 
103 31.0 12 . 8 
98 31.7 8 . 5 
7 9e 3 3 . 6 0 . 1 
9/4/86 
9/4/86 
9/7/86 
9/5/86 
9/ 7 /86 
9/6 / 86 
9/6/86 
9/5/86 
"' 
9/8/8 6 
- --------------------- ----------- ------------------ -------
*Sta t ion 1.o c ation s ' a re g ive n in a pp e ndix l. 
** S~mple was lost in handling. 
*** DIC samples were not collected at this station . 
< •. 
• 
- - - -- - - - - ~-
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A p p e n d 1 x 3 . 0 x y g e n d a t a f o ; the B a f f i n 1 9 8 1 ~· the 0 a w s on 
1987 crulse&. 
Cruise Stn lat . (N) 
long.(IJ) 
depth 0 2 0 2 sat. sal. temp . dcite 
(m) (111/1) (\) ( 0 /00) ( 0 C) ( m/d/ yr) 
8ai __ __ wa5--49-ss~s----6---7~9--Io3 ___ 3i~i---3~1--s;27/s7-
B87 
887 
087 
087 
087 
087 
56 35.3 100 7.2 85 32.8 -1 . 5 
464 6.4 80 34 . 0 0.4 
SB2 * 5 
100 
7.9 102 
7 . 6 90 
7.2 89 
ND4 49 53.2 
54 41 . 9 
ND4 
ND 6 · -~JYO)~l 
/ ;5415 . 5 
.Y . 
I' 
"' 
277 
5 
100 
7.8 101 
6.6 78 
9 8.3 1 31 
53 10.0 124 
103 9.6 115 
155 9 . 4 110 
201 9.4 112 
301 8.2 103 
340 6 . 8 88 
5 10 . 1 158 
49 4 . 1 50 
100 6.4 75 
154 4.8 57 
204 5 . 0 61 
303 6.2 80 
352 7 . 9 103 
GB3 * 8 7 . 1 11 9 
9 . 9 123 
9. 6' 113 
9 . 0 108 
8 . 5 10 7 
8.0 101 
EXS 49 26 . 3 
55 07.8 
54 
103 
204 
305 
384 
7 
102 
201 
303 
404 
505 
593 
7.11 
9.4 
8.9 
8.7 
8.6 
8.9 
9 . 0 
131 
110 
lOS 
104 
103 ' 
106 
108 
31.8 
3 2. 7 
33.8 
2. 6 S/26 / 87 
- 1 . 7 
-0 . 1 
32.0 1 . 8 5/25 / 87 
32.8 - 1.6 
3 0 . 1 
3 2. 1 
3 2 .8 
33.2 
3J .5 
33 . 9 
34.4 
3 0. 1 
3 2 .7 
33 .2 
33.7 
34.0 
34.4 
34.5 
31.1 
3 2 . 4 
3 2 . 8 
3 3. 5 
34 . 0 
3 '• . 1 
30.1 
3 3 .1 
33 .2 
33.3 
3 3. 3 
3 3. 3 
3 3 . 3 
11 . 5 8/15/8 7 
0.8 
- 1 . 1 
- 1 . 3 
-1 . 2 
0.3 
1 . 9 
11 . 0 8/15 / 8 7 
-0 . 1 
- 1 . 3 
-1.0 
-0 . 2 
1.6 · 
2. 2 
14. 2 8/ 14/8 7 
0. 4 
- 1. ) 
- 0 . 9 
0. 7 
0.8 
14.6 
- 1 . 6 
- 1 . 4 
- 1. 2 
- 1.0 
- 1. 1 
-1. 1 
8/14 / 8 7 
• 
.  
. ;. 
·.-
-
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Appendix 3. ·Continued. I 
. . 
----------------------------------------------------------
Cruise Stn 1at.(N) depth . Oz 0 2 sat. sal. temp. da·t e 
1ong.(iol) (11) (ml/1) (\) (o/oo).(oC) (ra/~/yr) 
. ·• 
---------------------------------------~------------------887 E~ . * 5 8.4 112 28.1 4 . 5 5/25/87 
100 7.5 ' 87 32.6 -1.5 
620 7 . 2 86 33.3 
-0.9 
D87 EX6 5 7.2 120 30.6 13.5 8/14/87 
• 100 8 . 5 102 3 2 . 6 ·1 r2 
200 18 . 1 104 33.2 
-0 . 9 
300 8 . 8 105 3 3. 3 ·1. 1 
400 8 . 3 100 3 3 . 4. • 1 . 2 
500 7.4 89 33.4 . 1 . 2 
620 . 9. 6 115 33.4 
- 1 . 2 
887 HB4 
* 
5 8 . 3 110 30. 7 "'\3.7 5/26/87 
-· 200 7.6 90 3 2. 6 . 1. 0 
431 5. 8 71 33.6 -0.1 
887 BB2 49 45 . 0 5 7 . 9 101 31.9 1 . 9 5/24/87 
53 -.l-2 . 0 100 6 . 7 79 32.9 . 1 . 7 
294 6.7 85 34.0 0.8 
. 
087 TB3 47 49. 3 9 8.1 137 31. 1 14.2 8/12/87 
53 34.4 53 10.0 126 32.4 0.8 
1o'3 9. 7 116 32.8 -0.9 
153 tJ.3 110 33.0 - 1. 4 . 
20.0 8.5 102 33.3 - 0.9 
300 1.9 100 34. 0 1.0 
396 7.8 99 34.2 1.2 .~)87 \ 087 TB4 47 54 . 8 5 8 . 4 140 31.2 13.6 
53 28. 9 50 10.4 .. 129 3 2. 4 0.4 
150 9.5 112 33 . 0 . 1 . 3 
400 7 . 9 100 34.2 1 . 2 
525 } . 9 101 34 . 2 1 . 4 
887 TB7 48 13 . 5 5 8.2 lOS 32.1 2 .0 5/24/87 
52 58.4 100 7 . 4 86 3 3. 1 . 1 . 9 
2 9·3 ...._6. 3 80 34. 1 1 . l 
087 CB6 48 00.0 7 7.4 128 31 . 6 14.9 8/10 / 87 
52 33 .4 53 9 . 9 119 33.2 -0. 6 
102 9 . 3 110 3 3. 7 - 1 . 6 
153 9 . 5 116 33.8 • 1 . ] 
182 7 . 6 90 )/ •. 1 ~ -.1. 3 
------------- ----------------------------- ----------------
. .. 
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Appendix 4. Grain-size data for core SB3. 
Depth(cm) % Sand % s 11 t % Clay 
------------- ----------------------------------
29 7 . 6 64.3 2 8. 1 
P , 55 6.2 62.8 31.0 
79 3.4 48 . 9 47.6 
"' 10 5 12.4 . 52 . 4 35 . 2 
129 10 . 2 53 . 9 3 5 . 9 
155 2.9 . 6 45 . 9 24 . 5 
179 13 . 4 45 . 6 41.0 
205 1 . 6 48 . 7 49 . 7 
229 1.6 43.9 54.5 
255 3.0 35 . 9 61.1 
279 3. 7 53 . 0 43.3 
30 5 7.0 49 . 6 43.4 
3 2 9 2 . 7 31.6 59 .. 7 
355 13 . 5 55.4 31.1 
379 6 . 6 48.1 45 . 3 
405 4 . 5 42.3 53 . 2 
429 6 . 6 37 . 8 55 . 6 
435 9 . 6 46.6 43.8 
44 5 10 . 3 3 5. 7 54.0 
455 ·2 9. 6 31.2 39. '! 
479 24 . 9 34.1 41.0 
505 3 5. 7 36.9 2 7. 4 
515 56 . 6 23 . 5 19.9 
------- - -------------- --------------
' 
J 
" 
, 
.. 
... 
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Appendix 5·. Isotopic and elemental data: of sediment corea 
collected in relation to depth below the core top. 
----------------------------------------------------------
Core Depth 5 1 ~N 61 3 c \C \N C/N 
(em) 
------------------------------------------,----------------
WBl 0 6.4 - 2 3. 7 4.83 0.30 19 . 03 
WBl 10 ' 6.9 
-2 2. 9 3. 68 0 . 36 11 . 83 
WBl 20 7.0 -2 2 ·. 0 3.05 0 . 36 9.98 
WB1 30 6.9 
-2 2. 4 2.63 0 . 40 7.65 
WB1 40 6.6 
-22 . 1 3.58 0.43 9 . 77 
WB1 50 6.9 
- 22.7 4 . 65 0 . 46 11.70 
w·sl 60, 6.6 
-22.2 3.40 0 . 40 9.95 
WBl 70 . 6 . 5 
-22.9 3. 77 0.44 9 .9 3 
WBl 80 7.9 
-22.7 3.55 0 . '46 9.08 
WB1 90 7. 7 
- 22.8 2.91 0.43 7.88 
WB1 100 7.0 
- 22.7 2.96 0.41 8 . 50 
WJH 120 6.8 
- 23.0 3.80 0 . 36 12 . 29 
WB1 140 7.3 
- 2 2 . 6 3.56 0.43 9.56 ) 
WB1 160 7 .2 ~23 . 6 " 2. 17 0 . 37 6 . 90 
WB1 180 7 . 0 
-23 . 9 2.63 0 .'38 8 . 17 
WB1 200 7.6 -22 . 3 2 . 76 0.43 7. 54 
WB1 220 7.0 
-24. 8 2. 15 0.39 6 .50 
WB1 244 7.9 -24. 7 1. 14 0 . 27 5.03 
WB1 26.4 7.7 
-24.6 1 . 46 0.29 5.82 
\.181 284 7. 8 
-24.7 1.21 0.27 5. 2 3 
WB1 304 8.0 -24 . 4 1.84 0. 3 6 6.03 
WB1 314 7.4 - 24.4 2.00 .. 0 . 3 5 6. 77 
WB1 344 7. 3 
-2 2. 8 2.98 0 . 39 8.91 
WB1 364 7 . 6 
- 2 2. 8 2.48 0. 42 6.8L, 
WB1 388 7.9 -23.0 1. 62 0. 26 7 .36 
WB1 408 8.7 
-23.2 1. 30 0. 1 7 9.17 
WB1 A28 8.7 
- 2 3 . 9 1. 2 5 0. 20 7i; WBl 448 8.8 
-22. 6 1. 7 5 0 .25 8. ' 
WBl 458 9.2 
-2 i. 3 0 . 89 0. 2 5 4 .13 
WB1 468 8.3 
-22.3 1. 42 , 0.<'.9 3.39 
WB1 478 8.6 
-22 . 9 1. 51 0. 19 9. 12 
: WB1 ' 488 9 . 3 - 2 2 . 7 1. 2 6 0. 13 11. 7 9 
wn 508 8.7 
-23 . 6 0.99 0. 1 8 6.2 6 
WB1 528 9 . 0 
-23.2 1. 16 0. 1 5 9 .05 
WB7 0 6.9 -2 1.5 2 . 7 8 0.5 5 5 .87 
WB7 10 6.9 
-2 1.3 2 . 78 0. 43 . t . 58 
WB7 20 7 . i -21.6 2 : 64 0. 50 6.20 
WB7 .30 7 . 1 
- 21 . 2 2 . 15 0 . 6 0 4 . 20 
\.187 40 7 . 1 
- 21. 6 2 . 48 0. t. 5 6 . 47 
WB7 50 6 . 9 -21 . 7 2 . 0<1 0 . 4 0 5. 84 
----------------------------------------------------------
. . 
.. 
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Appendix J, Continued-. 
"" 
----------------------------------------------------------
, 
Core Depth ,s 1 5 N .s 1 3 c \C %N C/N 
(em) 
----------------------------------------------------------
\ I \J B 7 60 6 . 7 -22.2 1 . 86 0. 50 '4. 38 1JB7 70 7.4 . 21 . 7 2 . 33 0.58 4.67 \JB7 80 7.8 - 21 . 7 2 . 23 0.50 5.23 
\JB7 90 6. 7 -22.5 2 . 48 0.56 5. 20 
10'87 100 7.9 . 21 . 7 2 . 01 0.50 4. 66 
\JB7 110 7.6 -21 . 8 2 . 68 0 . 50 6 .2 7 
10'87 120 7. 3 . 21. 7 2 . 43 0 . 62 4 . 58 
\J87 123 7. 2 -21. 6 1. 97 0 . 40 5. 4 5 
\JB7 133 7 . 9 -21.7 2.03 0. 3 8 6.25 
\JB7 
i 
143 7. 4 -21. 8 2.03 0. 4 8 4.90 
WB7 153 7.0 - 2 2 . 1 2.35 0.47 5.84 
\JB7 163 7. 3 - 2 2 . 0 1. 7 5 0.44 4.61 
WB1 173 6. 7 • 2 2. 4 1 . 7 3 0. 2 9 7. 0 3 
WB7 183 7 . 3 -2 2 . 4 0 . 99 0. 2 6 4.3§ 
• WB7 193 6 . 8 -22.5 1. 16 0. 2 7 5.0, 
WB7 203 6 . 4 - 2 2 . } 1. 19 0 . 1 7 8.07 
WB7 213 7 . 6 -22 . 4 0.95 0 . 1 0 11. 2 6 
' 
WB7 223 6.9 -2 3 . 0 0. 68 0. ll 7. 18 
WB7 233 8.3 -22.9 0.55 0 . 0 8 8.04 
WB7 243 7.8 -22.8 0 . 52 . 0. 1 2 4.98 
10'87 253 7 . 4 . 2 3. 4 0. 53 0.11 5.83 
WB7 263 . 7.5 . 2 3. 1 . 0. 51 0 . 0 9 6.98 
W'S7 273 8.1 -23 . 3 0.42 0.11 4.48 
WB7 280 6.9 -23.0 0.54 0 . 09 6.71 
WB7 290 7. 7 . 2 3 . 2 .. 0 . 52 0.0 5 11.87 
10'87 300 8 . 1 . 2 2. 9 0. 51' 0.0 7 8.39 
WB7 310 8 . 0 -2 2. 9 0 . 40 0 .08 5.84 
10'87 320 7. 0 -
-2 2. 6 0. 52 0. 1 1 5. 71 
WB7 330 7. 6 -2 3. 8 0.56 0. 1 2 5.32 
WB7 340 7 . 5 -2 2 . 9 0 .4 1 0. 1 0 4.98 
W87 350 6.8 -23.1 0.38 O. O'J 5 . 23 
10'87 360 7 . 7 .· 2 3 . 5 0.48 0. 1 2 4.86 
WB7 370 7.4 
- 2 2 . 3 0.40 0. 09 5.46 
WB7 380 6.0 
-23 . 2 0.40 O. OS 5.93 
WB7 390 6.2 
-23 . 2 0. 35 0 . 1 8 2.30 
WB7 400 8.6 - 23.7 0.41 0. 06 7. 74 
WB7 410 9. 7 
- 2 3 . 7 0.45 0 . 1 7 3 .02 
WB7 420 8.3 - 24 . 2 0 . 44 0. (;') 5.86 
WB7 429 8 . 2 - 24. 7 0.40 0. 10 4 .71 
' 1 .\13 583 0 8.1 - 2 2 .6 0. 32 4.17 
SB3 10 8.0 . 2 2. 4 1. 09 0 . 3 '• 3.74 
--------------------------- ------------------- - -----------
--- - -- - ~- ~ 
' 
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App e ndix 5 . Cont!nued. 
----------------------------------------------------------
Core Depth 61 s N 61 3 c 
'c \ N C/N (em) 
--------------~--------------------------------------------
SB3 20 7.0 
-22 . 5 1.10 0. 2 1 6.07 
SB3 30 6 . 8 - 22 . 5 1. 53 0 . 21 8.44 
SB3 40 8.3 
-22 . 7 0 . 79 0 . 1 9 4.84 
SB3 so 7. 7 
-23 . 1 I 0. 91 0 . 15 6.97 
( SB3 60 6 . 9 ·23 . 2 0 . 66 .. 0. 3) 2.34 
SB3 70 8.2 ·24 . 4 0 . 63 0 . 1'• 5.33 
SB3 80 6 . 9 
-24 . 0 0. 57 0 . 13 4.93 
SB3 90 6.8 
- 23.9 0 . 62 0.1 2 5.84 
SB3 100 8 . 3 
-24. 3 0 . 62 0 . 1 l 6.65 
' 
sin 110 7 . 4 
-23 . 9 0.49 0 . 18 3 . 09 
SB3 120 8.7 
-23.9 0.53 0 . ll 5.92 
SB3 130 7:7 -24 . 2 0 . 42 0 . 10 5 . 12 
SB3 140 8 . 1 
-24 . 3 0.52 0 . 2 l 2.94 
SB3 150 6.4 
-24.6 0.40 0. l 'i 3. 21 
SB3 160 6 . 5 
-24.9 0 . 45 0 . ] I, 3 , 70 
SB3 170 6 . 1 
-24 . 9 d . o8 0 . 0 6 1. 71 
SB3 180 5.5 
-24 . 4 0.37 0. jl, 2 . 98 
SB3 190 6 . 5 -2 3 .·1 0 . 52 0. 1 2 5 . 00 
SB3 200 6 . 0 
-21. 9 0.61 0 . ] I, 5 . 20 
SB3 210 6 . 9 
-22.3 0.63 0 . l f) 7 . 19 
SB3 220 7.8 
-22 . 1 0.64 0. 1 ') 4 . 90 
SB3 230 7: 8 
- 22.5 0.57 0. 3 r, 1.89 
SB3 240 7. 4 
-22.0 0 . 58 0. 1 2 5.61 
SB3 250 7. 5 
- 22 . 5 o ·. 60 0 . I :.1 5.70 
SB3 260 8 .. 4 
- 21 . 8 0 . 75 \ 0 . I / 5. 12. SB3 270 7.0 -21.9 0. 74 0. l H 4 .69 
SB3 280 9 . 2 
- 2 2. 4 0.71 0. l 7 4 . 85 
SB3 290 8 . 6 
-22 . 2 0 . 87 0. I ( '•. 60 SB3 300 7.4 
-21.8 0 . 89 0 . l ') 5.38 
SB3 310 8 . 0 
- 2 2 . 5 0.68 0 . l 'l 4.45 
SB3 3 20 7.3 
- 2 2 . 6 0. 76 0 . l 'I 4.65 
SB3 330 8.0 
-23.0 0.68 0 . l r, 4 . 87 
SB3 340 7 . 6 
-23.2 0 . 7~ 0 ') ., • ' J 3 . 89 
SB3 350 6 . 4 
-22.9 0.55 c:::;,· 0 . I 1 3. 77 
SB3 360 6 .0 
- 2 3.4 0.56 0 1 ., 
• ' J 5. 11 
SB3 370 6.8 
-2 2 . 5 0.40 0 . I.' 4.03 
SB3 380 6 . 2 
- 2 3 ; 0 0 . 52 0 . l ') 5.90 
SB3 390 6 . 2 
- 2 3 . 4 0 . 43 0. ( : ' I 5 . 59 
SB 3 400 4 . 2 
- 2 3 . 5 0.45 0 . l l 4 . 6.2 
SB3 · 410 3. 5 
- 2 5 . 1 0.31 0 . (, · ~ 1 2 . 43 
SB3 413 4.1 
- 25 . 3 0.66 0 . I <. 5 . . 41 
SB3 4 20 3.6 
- 2 3 . 6 0 . 5 2 0. I I 5 .'4 4 
------------------------ ----------------
-------- --- ------
Appendix 5 . Continued. 
-------------------------------------~--------------------
Core · Depth .5 15 N %C 
(em ) 
Q " , ,. C/N 
----------------------------------------- -----------------
583 430 
SB3 440 
SB3 450 
SB3 460 
SB3 470 
583 480 
583 490 
SB3 500 
SB3 510 
SB3 520 
SB3 525 
SB3 CC* 
EX6 ** ,'0 · 
EX6 10 
EX6 20 
EX6 30 
EX6 4 0 
EX6 50 
EX6 60 
EX6 7 0 
EX6 80 
EX6 90 
EX 6 100 
EX6 110 
EX6*** 0 
EX6 10 
EX6 20 
EX6 30 
EX6 40 
EX6 50 
EX6 60 
EX6 70 
EX6 80 
EX6 90 
EX6 102 
EX6 112 
..EX6 1 22 
6 . 1 
6 . 3 
4 . 6 
4. 7 
' 4 . 6 
5 . 0 
4 .6 
4 . 5 
4.0 
4 . 3 
4 . 6 
4 . 0 
7 . 8 
7 . 7 
7 . 9 
7.5 
7.6 
7 . 6 
8 . o-
7 . 9 
7. 7 
7.6 
7 . 8 
7 .4 
7 . 5 
8.0 
7. 6 
7. 7 
7. 4 
7. 7 
7.3 
7 . 7 
7 . 6 
7 . 5 
7 . 8 
7.4 
1 . 6 
-23 . 6 
- 2 3 . 8 
- 2 3 . 7 
- 24. 2 
- 2 3 . 3 
- 2 3. 6 
- 2 3 . 3 
- 2 3 . 6 
-25 . 0 
-25 . 5 
- 2 5 . 5 
- 2 5 . 0 
- 2 1. 1 
- 21. 0 
- 21. 2 
- 21.0 
- 21.4 
- 21. z 
- 21. 2 
- 21. 3 
- 21. 8 
-21. 8 
- 21 r 5 
-22 . 5 
- 22.4 
- 2 2 . 3 
- 2 2 . 9 
- 2 1 . 7 
- 2 2 . 4 
-22 . 7 
- 21 . 6 
- 21.4 
- 2 2. 3 
- 2 1. 2 
- 21.0 
- 21.2 
- 21 . 3 
0 . 46 
0.54 
0 . 44 
0.24 
0. 17 
0 . 18 
0.17 
0.16 
0.15 
0 . 14 
0.17 
0 . 13 
3.41 
3 . 92 
4 . 99 
3.50 
2 . 49 
3 . 13 
1 . 7 2 
1. 2 5 
1. 3 3 
1.59 
1 . 01 
0 . 80 
2.88 
3 . 51 
2.45 
3. 3 3 
3.00 
2. 77 
3 . 36 
3.21 
2.67 
3 . 2 0 
3 . 07 
2 . 38 
1. 80 
0. J 1 
0 . ] I) 
0 . ( I 8 
0 . 0 6 
0. 0 5 
0 . ( J() 
0 . (I I , 
0 .I I l 
0 . ! J 
0 . li'; 
o . n l 
0 . ( J 3 
0. I ') 
0. ' ) 
0 . ! r, 
0 . :I 
0 .. - ~ 
0 . -~ l 
0 . . , 
0 . ·; ', 
0. : :, 
0 . . . ) 
0 . J l 
O.S \ 
0. ~ ) 
0 . s ·, 
0. :, r, 
0. 5 : 
0. 5 ; 
0 . 5 1 
0 . ~ 9 
0. 4 q 
0 . 4 ; 
' 0.57 
0.3 '1 
0.3 7 
4 .81 
6 .21 
6. 77 
4. 73 
4 . 1 3 
3 . 40 
4 . 54 
7. 18 
6. 70 
4.29 
7.35 
5. 3 8 
5 . 83 
8. 1 8 
8 . 8 4 
9. 27 
7 . 51 
8 . 7 3 
6.62 
5 . 75 
6 .38 
7. 13 
4 .82 
8. 2 5 \ 
6. 30 
7. ~~ 8 
5.11 
6 .92 
6 .57 
5.54 
7. 71 
7 .6 6 
7.0 2 
8 . 13 
6. 31 
7 . 3 6 
i . 70 
---------------- ------------------------ -----------------
* CC - Cor e ca t ch e r 
** Trigger wei gh t co r e 
*** Pis t on cor e ' J 
• 
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Appendix 5 . Continued . 
----------------------------------------------------------
Core Depth cS 1 ~ N 613c \C ",. 
· ' C/N (em) 
----------------------------------------------------------
EX6 132 7.7 -21.7 1 . 56 O. :> H 6.52 
EX6 142 7.7 - 21. 8 1. 54 0 . :' 7 6.68 
EX6 152 7.2 
- 21. 3 1. 25 0 . ;) t 7. 10 
EX6 162 7. 1 - 2 2. 2 1. 08 0. 16 7. 72 
EX6 172 6.8 ' -22.0 0 . 75 0 . 1) 6.96 
EX6 182 6 .. 9 -22.0 0. 76 0. I ') 6 . 12 
EX6 192 7 . 1 - 21. 8 0 . 76 0. I 5 6 . 00 
EX6 202 7 . 3 - 21. 7 0 . 85 0 . I () 7 . 44 
EX6 212 7 . 3 - 21. 8 0 . 57 0 . : 0 6.91 
EX6 222 7.. 6 
- 21 . 6 0 . 54 0 . 1 7. 6.62 
EX6 2 3 2 7 .2 - 21 . 7 0 . 35 O • .J.r I 4.76 
EX6 242 7 .1 - 21. 8 0 . 48 0 . (·(, 9.26 
EX6 2 52 6.5 - 22.1 0. 41 0 . '· ' 1 5.23 
EX6 262 8 . 3 
-22.1 0 . 39 0. I \ 5. 51 
EX6 272 6 . 8 - 21. B 0 . 34 0, 1 r, 6 . 87 
EX6 2 82 6 . 9 -22.0 0.33 0 . 1 . I 5 . 70 
EX' 292 7 . 9 - 21. 3 0.38 0 . I ' ' 4 . 34 
EX6 302 8 . 0 - 2 2 . 8 0.26 Q , I I 4 . 53 ) EX6 312 6.9 -21.5 0.37 0 I ' I 5.00 
EX6 322 7 . 1 -22 . 1 0.58 0 . I :1 5. 70 
EX6 332 6.2 -22 . 5 0.41 n . r, '-+ 5 ; 31 
EX6 3 4 2 6.8 - 2 2 . 3 0 . 46 0 . l () 5.16 
EX6 352 6 . 9 -24.2 0.12 0 '1 ' 2 .43 
EX6 362 6.5 -22 . 3 Od2 0 I ) ' . ;. ) 6. 13 
EX6 372 6 . 3 - 2 2 . 5 0. 34' 0 . ') 7 5 . 6 5 
EX6 378 6 . (. - 2 2 . 2 0 . 41 0 . ' ) ', 5 . 68 
EX6 
' 382 6 . 8 -Z2 . 1 0.37 o . n ' 6 . 68 
EX6 392 6 . 8 - 2 2 . 4 0 . 34 0 . (.) ·, 8.87 
EX6 lr() 2 4.9 -24 . 7 0.31 0 . 0 • 7 . 18 
HB2 0 6.6 -2 2 . 4 2 . 44 0. 3 \ 8.6 0 
HB 2 10 6.0 -2 2. 2 2.88 0. 2 I 11.58 
\ HB2 20 6.1 
-2 2. 5 2.87 0 . ~ l.. 7 . 6 7 
HBZ 30 6 . 5 - 22 . 4 2 . 3 3 () . 1i 4 6 . 17 e 
H82 40 7.' - 2 2 . 4 1.8 7 O .J l 7. 12 ... HB2 50 7.8 - 2 2. 2 1. 9 5 (! .3U r. s 1 ,, 
H82 60 7 . 5 - 21. 9 2 . 04 0 . 3 : 7. 58 
HB 2 70 
'• 
6 .4 - 22. 4 . 2 . 41 0 :J I ? .05 
H8 2 80 7.2 - 21. 8 }.OS O. ZJ 10. 2 8 
HB2 90 7. 8 - 2 1 .8 . 03 0. :n 6 .51 
HB 2 100 6 . 7 - 2 1. 8 1. 9 7 0 . I B 12. 6 7 
HB2 110 7 . 3 - 2 1. 9 2.43 0 . 24 11 . 84 
~ 
--------------------------------------- - ·- ---------------
_) 
-tl' 
t 
t 
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Appendix 5. Continued. 
--- - - - - -- -~- ---------------------------- ------------------I 
Core Depth 6 1 ~ N 6 1 3 c \C ~ . : c ;~ 
(em) 
---------------------------------------- -----------------
IIB2 120 7 . 0 . 21. 2 2 . 3 8 0. ~ . ., 8.58 
HB2 130 6 . 4 -21.8 2.08 0 . I ') 13. 11 
HB2 140 6 . 7 - 2 1 . 8 2 . 10 0. :· 7 9.03 
HB2 150 6 . 6 - 21 . 2 1.44 0. :> s 5 . 93 
HB2 160 7 . 3 -21.9 1. 58 0. :> 1 8 . 04 
; HB2 170 6 . 6 . 2 2 . 5 1 . Hi 0. ( d ) 15 . 07 HB2 180 7 . 4 -22 . 5 l. 09 0. I q 1 6 .20 
HB2 , 190 6 . 6 - 2 2. 4 0.85 0 . ! 'i 6. 57 
HB2 200 6 . 8 -22.5 0.57 0 . ' ,·, 8 .20 ·, 
HB2 210 7 . 0 -22.4 0. 72 0 . f ') 11. 19 
~82 220 7 . 2 - 2 2 . 2 0. 76 0 ' ) . . ' 6 .94 
HB2 2 30. 6 . 6 - 2 2 . 8 0 . 56 0 . I -~ 8 .12 
HB2 240 6. 7 -22 . 5 0 . 89 0. I ., 1 7 . 9 3 
HB2 250 7 . s -22.4 0 . 77 0 . : ) 9 . 3 3 
HB2 252 7 . 5 - 2 1 : 3 0 . 89 0 . ) 10 . 19 
HB2 260 6 . 9 
-22.6 0.80 0 ' 11~ .24 
HB2 270 6.9 
-22 . 2 0. 75 0 .' I 1 2. 01 
H82 280 6 . 3 -22 . 9 0 . 7 8 0 . ' 13 . 4 8 
HB2 290 7 . 2 - 22.1 0.94 0 .! l 8 . 50 
. ._ 
HB2 297 6.5 
-22 . 5 1. 21 0 . . 2 t . 6 0 
GB2 0 7 . 8 . 2 1 . 0 3. 3 9 0 (' ' 
. ' 7. 59 G-8 2 10 7.6 - 21 . 0 2 . 86 n J C. 1 1. 01 
GB2 20 7. 5 -21 . 2 4.23 O. b 1 7 .86 
""' 
GB2 24 7 . 2 . 21. 4 . 2 . 87 0 . 4 -, 7 . 4 9 
GB2 34 7. 3 -21.3 2. 53 0. 3 ' 8.04 
GB2 44 7 . 8 . 2 2. 4 1. 6 8 (1 ., . . ~ I 7. 59 
GB2 54 7 . 7 . 21. 6 1. 10 0. I ·, 8 .96 
G~2 64 7 . 6 
- 22 . 1 1. 84 0 .J z 6. 64 
GB2 74 7 . 9 
- 21.9 0 . 9'1 0 . I !. 9. 79 
GB2 84 7 . 9 
- 21. 8 0.91 0.(, 1 14. 7 6 
GB2 94 7 . 8 
-2 1 .8 0.68 0 . I : 7 . 09 
GB2 104 7 . 3 
-21. 9 1. 6 2 ' 0 . 1 : 4. 79 
GB2 114 7. 3 - 2' 3 . 0 1. 57 O. 'Z 4 7 .49 
GB2 124 7 . 0 - 2 2 . 9 1. 0 9 0 . 22. '>1. 88 
GB2 134 7 .·7 
- 22 . 1 .. 0 . 88 0 . I ,!) 5 .69 
GB2 14 4 7.8 
- 22.3 0. 73 o I ;~ r.:. 7 4 
GB2 154 7 . 9 
- 2 2 .2 0 . 87 0 . I ) fJ .7 3 
GB2 160 8 .3 - 2 2 . 0 0 . 85 0 . I ~ 9. 10 
GB2 170 7 . 6 
- 2 2. 6 1. 16 0 . 2'-. 6. 0 6 
GB2 ., 180 8.3 \ - 2 2 . 0 0.69 C' . I 0 . 7 . 7 8 
GB2 190 .7 . 5 -2 2 . 5 0 : 84 (! . t 7 5 . 64 
---------- ------------------------------
- ----- - ---------
\ 
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Appendix 5 . Continued. 
• • 
----------------------------------------------------------
Core Depth 615}j 6 1 3 c \C %. ' C:/N •' (em) 
----------------------------------------------------------
GB2 200 7.8 -22 . 2 0. 71 0 . 1 X 4.57 
GB2 210 8.5 
- 21 . 8 0.83 o . r· 'J 10.49 
GB2 220 8.4 
-21.9 0.68 0. 1 l 7.44 
GB2 230 7 . 7 
- 21 . 9 0.85 0 . l 0 10. 10 ' . 
GB2 240 7.8 
-22.4 ·o. 66 0 . 1 () 7 . 92 
GB2 250 7.7 
- 2 2 . 1 0 ·. 7 9 0 . 111 9.33 
GB2 260 8.3 
-21 . 6 0.63 0 . 1 1 6.78 
CB2 270 I 8.2 
- 21 . 8 . 0. 7 9 0 . 1 I 8.50 
GB2 2'80 8.3 
- -21 . 9 0.63 0 . • L 6.66 
GB2 290 8.4 
- 21. 9 0.75 0 , I ' ' ] 9.39 
GB2 300 7 . 7 
-21.8 0 . 56 0' ( '! 7 . 35 
CB2 310 7.8 -21. 9 0 . 61 0 . I I 8.}~ 
GB2 320 7. 5 
- 22 . 6 0.99 0 . i ) 12.71 ' 
ND2 0 6 . 9 
-21. 1 1. 9 5 0. J ; 5.92 
~; 10 7 . 2 -20.8 1. 57 0 ' ) ') 5.21 20 7 . 1 -22 . 5 0 . 65 0 . 0 9 8 . 84 
ND2 30 6 . 8 - 2 2", 6 0.68 0 . oz 10 , 06 
ND2 . 40 ' 6.5 
- 22.9 0.58 0 . 07 9 . 64 
ND2 43 6.0 
- 2 2. 8 '0.60 0 08 8. 59 
ND2 53 6 . 6 
-22.4 0. 49 0. I Q 5 .58 
ND2 63 6.1 
-22.5 0.57 0 '0 : 8 . 04 
ND2 73 6.4 
-22.3 0.51 0. 09 6.82 
ND2 83 7.0 
-22.2 0.54 0. 0 ~ 7.63 
ND2 93 6.5 
-22.4 0.47 0. 0 ' ! 6.36 
ND2 103 6.3 
-22 . 4 0.42 0 . 10 t, . 9 5 
ND2 113 7 . 4 
-22.6 0. 4.3 1 .07 6.80 ND2 123 '.] . 0 
-22.6 0 . 39 . 07 ll.26 
N·D2 133 6.6 
-22.7 0 . 45 0 . (T1 7.14 
ND2 / 143 6.3 
- 23 . 2 0 . 38 () . (}If 10 .03 
ND2 153 7.0 
-22.5 '-D .44 () . 01 F-.90 
ND2 163 7. 1 
-22.3 0 . 44 () . (J 7 7 . f) 7 
ND2 173 7.4 
-22.6 0.39 f J . 05 R.53 
ND2 180 7.6 
-22.6 0.36 (: 05 7.56 
ND2 190 7.4 
-22 . 7 0. 38' 0 
. "5 'J . 31 ND2 \ 200 7. 5 
- 2 2. 7 0 . 45 () Db J 9.20 
ND2 210 7.0 -22 :· 6 0. 4 0 0 C6 8 . 56 
ND2 220 6.6 
- 2 2. 7 0.48 0 06 9 . 81 
ND2 230 7 . 5 
- 22.4 0.45 0 . 06 8.39 
ND2 240 7,6 
- 22.5 0.52 (). 01 9.15 
ND2 250 7.9 . 2 2 . 6 0.46 0 . 06 8. 3 3 
ND2 260 7.1 
-22.3 0 . 59 (; 0 7 'J. 79 
------------------------ ---------------· ---------------~ 
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Appendix 5. Continued . · 
--- ------------------------------------- · 
-----------------
Core Depth 51 5 N 5 1 J c %C '1 · : C/N 
( c 10) 
----------~---------------------------- -·-- ----------------
N02 270 7. 3 - 2 2. 8 0 . 45 0 . c. r, 8.85 
ND2 280 6 . 3 - 2 3. 0 0.54 0 I • ' 9. 3 7 
ND2 290 6. 3 - 2 3 . 3 0 . 55 0. ( ) 11.93 
ND2 300 6 . 9 - 2 3 . 5 0.80 o. n ·, 2 l .. 6 6 
ND2 310 6 . 3 - 2 4 . 1 0.76 0 ,, . 
. ' I 24.67 
ND2 320 .s . 7 -24 . 0 0 . 63 0 . { ·-: 9.2 0 
ND2 330 6 . 0 - 2 2. 9 0 . 51 0 . ' 7. 8 2 
ND2 340 5 . 8 - 2 2. 4 0 . 58 0 .' I 9 . 35 
ND2 347 6. 1 - 2 1 . 8 0 .4 9 0 . 7 . 6 5 
N02 cc 6.6 
-21 . 9 r t).S3 o. o ·; 8. 06 
NS 1 0 7. 5 - 2 0 . 8 5 . 79 1 . c! 6 . 71 
NS1 10 . 7. 8 - 2 0 . 7 4.40 1 . c 3 4 .98 
NS1 30 7 . 8 - 2 0. 6 4.84 0. 1 1 7 .82 
N..i1 40 7 . 8 - 2 0 . 3 3.50 0 . b ~ 6. 50 
NSl 50 7 . 6 -20.4 4 . 39 0 b ' 8. 2 5 . 
_NS1 60 7 . 6 - 2 0 . 7 3 . 24 0 ' ~ ' 6. 15 
NS1 70 7.8 -20.6 4 . 00 0 t: 2 7. 57 
NS1 80 7 . 2 - 20.6 2.78 0. 4 6.88 
NS1 90 7.2 -20.6 2. 71 0. 3 ' 9. 7 6 
NSl 100 7. 2 - 2 0 . 6 2.11 0 . 27 9.09 
NS1 110 7.2 
- 21 . 0 2. 51 0. 3 v 9.66 
NS1 120 7 . 7 -21.3 1. 9 8 0. 2 l 7 . 97 
NS1 130 \ 7 . j 
-20 . 7 2 . 61 0 . 3 I l 0. 22 
NSl !.40 7.6 -2 0. 5 1 .9 3 0. ~I 5. 08 
NS1 150 7.2 -20 . 4 1 . 76 o. z ~ 9.98 
•' NS1 160 7 . 4 
- 2 0 . 5 1.97 (:. z'q 9 . 74 
NSl 170 7 . 4 ·2 0 . 2 1. 7 8 0 . 27 7 .69 
NS1 180 7 . 3 - 2 0 . 9 1. 6 5 0. 1 / 11.69 
NS1 190 7 . 8 -21.1 1 . 41 0 ).0 8 .30 
NSl - 200 7. 2 
- 2 0 . 6 1. 3 5 0 . J 7 9 . 46 
~Sl 210 7.2 
- 2 1 . ~ 1 . 24 (j_ 11 8 . 55 
NSl 220 7. 5 
- 21 . 0 1.37 0 . IG 10. 05 
NS1 225 8. 1 . 21 . 0 1. 11 (;. 11 10.91 \ 
., 
Bl1 0. .7.5 
- 2 0. 9 3. 3 5 () ' G. j ~ .23 
Bll 10 7 .5 
- 21·. 0 c _., 3 8. 4 0 ... 3 .0 9 
Bll 20 7.3 
- 21.1 2. 7 6 l : · lf 7 6.8 0 
Bll 30 7 . 2 
- 21 . 1 2. 58 ('l _<..;I 7. 3 7 
Bl1 40 7 . 3 • 2 ... . 3 3 . 16 (, .l4 8 . 36 
Bll 50 _ 6.8 · 2 1 . 3 2 . 3 8 (' . 'S 5 . 05 
Bll 60 7.4 
- 21 . 4 2.86 (' - ?, 7 8. 96 
----- ---------------- ---------------- -- - - - - ------ ------
•· 
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"' Appendix 5 . Co ntinued. 
-----------------------------------------------~-- --------
Core Depth 6 1 5 N 61 3 c \C i ;J C/N 
(em) 
---------.--:--- --------------------------- ~ - -------T-- - - - - -- -
Bll 70 7. 5 -21 .. 5 2 . 3 7 0. J.4 8.13 
Bll 80 7.4 - 21. 4 2 . 83 0. 3 '1 9. 6 7 
Bll 90 7' 7 -21.4 2.05 0 . 3 1 7 . 82 
Bll 100 7.4 -21. 5 2 . 39 0 .10 9.29 
Bll 
. 
120 7 . 5 - 21 . 4 2.20 0 . 3 l . 8 . 34 
Bll 140 7.2 -21. 6 1. 3 2 0 . :' \ 6.84 
!H1 160 7 . 2 - 21. 8 1. 21 0. I ·, 1 0 .34 .,. 
Bll 180 7 . 3 -22.0 0 . 91 0 .: l 9' 36 
Bll 200 7 . 2 -22.0 0.82 q . io 9 .51 
Bll 220 7. 4 . 21 . 9 0 . 86 0. () -, 11 . 90 
Bll 240 7. 6 ' - 21. 9 0 . 77 0 . ()q 1 0 .00 
Bll 260 7 . 5 - 21. 9 0 . 82 o . o : 1 1. 40 
Bll 280 7 . 5 - 21. 9 0.73 O . C9 9 .58 
Bll 300 7 . 7 - 21 . 8 0.81 O . ( l) 1 0 . 8 2 
Bll 320 7 . 7 
- 21 . 6 0.61 0 . 0 8 9. 56 
Bll 340 7 . 6 
- 2 1 . 7 0. 71 0 . 0~ 1 0. 84 
Bll 360 7 . 4 ~ -21 . 9 0.5 3 0 . (J 9. 5 J 
Bll 3 8 0 • 7.5 - 21. 8 0.47 () . 0 5 1 0. 6 3 
Bll 400 7 . 3 -21 . 9 0 . 46 o.cts 'J .l4 
Bll 420 7 . 5 -21. 7 0.61 0. ('>7 1 0 .40 
Bll 440 7. 7 - 21. 6 0.49 o.oe; a .. 90 
Bll 460 7. 5 -21 . 5 0. 54 O.() b I 0 . 13 
Bll 480 7 . 3 
- 21 ·. 8 0. 4 0 C1 . OS A. 8 9 
Bll 500 7. 8 - 21 . 7 0. 51 (J . DG ') . 83 
Bll 52 0 . 6. 8 . 21 . 7 0 .4 7 0 . 01 7 . 6 9 
811 540 6 . ;· 
- 21. 6 0 . 56 ( ! . r/~ R . 2 3 
811 555 7 . 2 - 21 . .g 0 . 57 O.Q ~ H.24 
- - ------- ------ - ---- - -------- - --- ------ - --- ------ ~ ------
~ ' 
\ . 
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